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Preface 


This book is the outgrowth of an outline of 
laboratory methods prepared for the use in the 
teaching of medical students and laboratory tech- 
nicians. It is not designed to be a textbook of 
Clinical Pathology in that it does not discuss, ex- 
cept incidentally, the clinical significance of the 
results of the tests. In most instances only one 
method is included for each determination. The 
procedures are given in outline form so that they 
may be easily followed step by step in the labora- 
tory. 

The author especially desires to express her 
appreciation and thanks to Dr. J. P. Simonds 
for his encouragement and helpful suggestions 
in the preparation of the manuscript; to Dean 
J. R. Miller for his interest in the book; and to 
all the individuals whose interest and suggestions 
have been of assistance. Special thanks are given 
to Miss Edna Murmann who carefully proof- 
read the manuscript and made many helpful 
criticisms, and to Miss Lucille Cassell and Miss 
Rosamond Howland who made most of the il- 
lustrations. The author is deeply grateful to the 
following technicians for valuable suggestions* 


Mrs. Arlene LeSuer, Miss Dorothy Siemsen, Miss 
Annie Laurie Peeler, and Miss Helen Gurley on 
Chemistry; Mrs. Eleanor Maynard on Hematol- 
ogy; Miss Eleanor Strack on Electrocardiography; 
Miss AJyce Anderson and Miss Esther Cheatle 
on Tissue Sectioning; and to Miss Betty Matz and 
Mrs. Jean Zieke for help in typing the manu- 
script. 

The writer is greatly indebted to the Common- 
wealth Fund for the use of the five colored plates 
on the morphology of blood cells from Black- 
fan, Diamond, anti Leister’s Atlas of the Blood 
in Children; to Miss Louise Endicott of the 
National Institute of Health, United States Pub- 
lic Health Service for the use of the three colored 
plates on malarial parasites from Miss Aimee Wil- 
cox’s Manual for the Microscopical Diagnosis 
of Malaria in Man; and to Dr. A. C. Curtis, 
Professor of Dermatology, University of Michi- 
gan, for the use of his excellent pictures of fungi. 

The author wishes ro thank the publishers for 
their co-operation and helpful suggestions in the 
preparation of this manuscript. 

Opal E. Hepler 



Foreword 


The clinical laboratory is an essential part of 
current medical practice Through its use, mod 
em medicine is approaching the status of an exact 
science The extent and manner of use of the 
clinical laboratory is a measure of the quality of 
medical service rendered by the staff of any hospi- 
tal Since the actual work of such laboratories is 
usually done fay technicians with varying degrees 
of training and experience, the more detailed and 
explicit the available instructions for the per- 
formance of the various tests, the more accurate 
and dependable the results of such tests are likely 
to be This Manual of Laboratory Procedures is 
intended to be just such a guide 
As stated m the Preface, this Manual is the 
outgrowth of an outline prepared several years 
ago for use in the laboratory by medical students 
in the course in Clinical Pathology in North v, est- 
em University Medical School By gradual ac- 
cretion it has grown to its present size The 
method of presentation of the subject matter is 
the result of the author’s extensive experience 
in teaching medical students and student techru 
cians and in directing the clinical laboratories 
of the Montgomery Ward Clinics and of Pas- 
savant Memorial Hospital This method of pres- 
entation is based upon the principle that explicit 
directions are necessary, particularly for begin 
ners, if laboratory tests are to be done with ex- 
pedition and accuracy Each test is, therefore, 
treated as a unit, that is, the principle of the test, 
the various steps in the order of their perform- 
ance, the calculation of results and their interpre- 
tation and significance, the sources of error and 
the formulae of the solutions used, are all given 
in systematic order and in simple language This 


step by step method is a umque feature of this 
Manual 

This Manual has gone through several previous 
editions m planograph form Of the last edition 
there were four reprmtings Without advertising 
of any land and without review in any medical 
journal, the demand for it became so great that 
its publication m book form seemed desirable 
It has been used in many civilian hospitals 
throughout the United States. During World 
War II requests for it came from numerous mili- 
tary hospitals in South America, North Africa, 
Italy, France and the Western and Southwest 
Pacific areas It has, therefore, proved its value 
under the most varied working conditions. The 
present edition is much larger and more extensive 
I y illustrated than any previous one and its use 
fulness should be proportionately enhanced The 
illustrations and aiagrams of different types of 
complicated apparatus— such as the electrocardio 
graph and the Van Slyhe machine — should enable 
anv technician to understand the principle upon 
which the particular apparatus is based and to use 
it with increasing assurance and accuracy 

This is not a textbook of Grnrcal Patho/ogv 
Its sole purpose is to improve the work of lab 
oratory technicians and medical students by fur 
nishing them with explicit, step-by-step dtrec 
tions for the performance of the different tests 
References to the practical application and clmi 
cal significance of a particular test are inserted 
for the purpose of stimulating the interest of the 
technician in her work Intelligent employees 
do better work if they understand the use that 
will be made of the product of their efforts 
James P Simonds 
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Urinalysis 

Table 1. Recording Routine Urinalysis 

COLOR Colorless, pale straw, straw, light amber, amber, reddish amber -> 

SP GR. 1.0011.060 — \c«3 C, i 

REACTION pH determined with nitrazrae paper M t — ? S' V ' 

APPEARANCE Qcar, white or orange nocculent sediment, or shreds. 

CLOUDINESS Amount present, + (slight), 4* + (moderate), 4-4-4- (cloudy), + + 4- 4- (very doudy) 
ALBUMIN Ring test. 

Neff = no cloudiness appears at zone of contact. 

T r = nng is just perceptible against a black background (less than 005 gm %) 

+ = =ring is distinct against a black background and can barely be seen when held up to the 
light (0.05 to 0.2 gm * 0 ) 

+ + — ring 13 very definite against light, faintly visible when viewed from above (0.2 to 0.5 gm.%) 
+ + + = ring is heavy against light, distinct doudmess when viewed from above (0.5 to 2 gm %) 
+ + 4- 4* ” ring u thick and dense against light, opaque when viewed from above (2 gm.% and over) 
Heat test. 

Neg = no doudmess is perceptible 

*Ir ~ doudmess is just perceptible against a black background (less than 0B1 gm %) 

+ = doudmess is distinct but not granular against a black background and can barely be seen 
w hen held up to the light (0 01 to OBJ gm %) 

+ 4* = doud is distinct and granular against light (0 05 to 02 gm.%) 

+ 4* *f ~ cloud is heavy with distinct floccuh (0.2 to OJ gm %) 

+ + 4- + = cloud is dense with large floccuh, may solidify (OJ gm % or higher, 3 gm % albumin becomes 
solid on boiling) 

S UGAR Benedict's test (read before precipitate settles) 

Neg = clear blue to marked cloudy grten. 
v — f = yellowish green (0J to 1 gm %) » 

+ = greenish yellow (1 to 15 gm.%) 

+ + + — )cIIow (15 to 2J gm %) 

+ + 4- 4- = orange {15 to4gm %),red (4gm % and over) 

ACETONE Specimens positive for sugar and all specimens from prenatal patients and patients in acidosis must be 
examined routinely for acetone. 

DIACETIC ACID Test only specimens positive for acetone 
MICRO SCOPI C EXAMINATION (sediment of centrifuged specimen) 

CASTS Identify type — hyaline, finely granular, coarsely granular, etc. Report number on slide or average per 
low power field 

ERYTHROCYTES and LEUKOCYTES Average range per high power field. 

EPITHELIUM (low power) 4- (occasional), 4- 4- (few), 4-4-4- (many), + 4- 4- 4- (great many) 

Identify type — squamous, transitional renal, etc 

CRYSTALS (low power) 4- (occasional), 4- 4- (few), + + + (many) , + + + + (great many) 

Identify type — calcium oxalate, uric acid etc 

AMORPHOUS (low power) 4* (occasional), + + (few), 4-4-4- (many), -f 4- 4- 4- (great many) 

Urates in acid, phosphates in neutral or alkaline urine 
BACTERIA (high power) and MUCOUS THREADS flow power) 4* (occasional), 4- 4- (few), 4-4-4* 
(many), + tt + (great many) 

General Considerations cellular elements As this filtrate passes down the 

tubule, the water is almost completely reabsorbed 
The primary function of the kidney is to mam- and the solid elements m solution (glucose, bi- 
tain the chemical and physical qualities of the carbonate, phosphates, urea, sodium, and potas 
blood plasma within normal limits by excreting sium) are selectively reabsorbed in vaiyiog 
metabolic wastes, especially those of nitrogenous amounts according to each individual threshold 
composition The fluid filtered from the blood value. In this manner about 150 liters of plasma 
plasma through the glomeruli con rams all the sub- are purified each day by the process of glomerular 
stances present in the blood except protein and the filtration and tubular absorption. It is estimated 
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that each kidney has a million nephrons (glomer- 
uli with tubules) only a part of which act at one 
time, therefore in normal kidneys there is a re- 
serve of 60 to 75 per cent. 

Collection of Urine Specimen 
I Single Specimen 
A. Qualitative TctU 

1 When it is desired to make only qualitative 
tests a specimen voided at random is satisfac- 
tory It should be examined within 1 to 2 
hours after voiding 

2 Unne passed about 3 hours after a meal is 
most likely to contain pathological substances 

3 First unne voided m the morning is least likely 
to contain them 

4 To diagnose cyclic albuminuria, samples ob- 
tained at vanous intervals dunng the 24 hours 
must be examined 

B Bacteriological Examination*. 

1 The unne must be a fresh cathetcnzed speci- 
men obtained under aseptic conditions 

2 If cultures cannot be made immediately, place 
specimen in the refrigerator 

II. Twenty four Hour Specimen. 

A. Quantitative test* arc of value only on 24 
hour samples 
B Collection 

1 The patient should be instructed to empty 
the bladder at the beginning of the period 
(8 AM) and discard the unne 

2 Save all unne passed until 8 o clock the next 

morning emptying the bladder at that time 
and adding uus unne to the 24 hour speci- 
men. ( 

3 It is sometimes desirable to have the day and 
night specimens examined separately 

a. Day specimen — obtain as for the 24 hour 
specimen, including the specimen voided 
3 hours after the evening meal 
b Night speermen — save all unne voided 
dunng the night and empty bladder at 
8 AJVf , adding this to the night specimen 

4 If the amount is important, the patient should 
bnng the pooled specimens to the laboratory, 
if not, 8 ounces of the specimens well mixed, 
are sufficient. 

5 The unne should be kept in a clean recepta 
clc and in a cool place. 

Physical Properties 
L Quantity, 

A. Normal 

I Tin. 24 hour specimen for adults contains 800 


to 1600 cc. (vanes greatly with the liquid 
intake, perspiration, etc ) 

2 Specimens from children, 6 to 12 years, con 
tain 500 to 1500 cc 

3 Specimens from children, I to 6 years, con 
tain 300 to 1000 cc. 

4 The day \olume is usually 3 to 4 times the 
night volume 

B Abnormal . 

1 Increased quantity (polyuria) is found ji dia 
betes melhtus and insipidus, chroiuc nephntb 
certain nervous diseases, dunng tLsappearance 
of an edema, and dunng convalescence frcifl 
an acute febrile disease 

2 Decreased quantity (ohguna) is found in 
uremia, acute nephnas, eclampsia severe di 
arrhea, excessive vomiting profuse sv. eati ig 
in fevers, cardiac decompensation, calculus or 
tumor of the kidney, nephrosis with edema 
atrophic hepatic cirrhosis, and acute yellcv? 
atrophy of the liver 

3 Total suppression ( anuria ) occurs m ‘col 
lapse with systolic blood pressure below 70 
mm of mercury, severe acute nephritis, and 
in poisoning with bichloride of mercury 

4 Residual urine is that obtained by cathea' 
immediately after the patient has emptied th' 
bladder voluntarily 

IL Color. 

A, Normal 

1 Straw to amber 

2 Colorless to straw indicates low sped 5c gnu 
ity and large quantity (except in diabetes 
melhtus) 

3 Amber indicates high specific gravity and 
small quantity 

B Pathological Coloratloru 

1 Reddish amber may indicate an incicase tn 
urobilinogen or porphyrin. 

2 Brownish yellow or green with a yello v { ow 
when shaken may indicate bile pigments. 

3 Red to smoky brown may be due to blood 
and Wood pigments. 

4 Milky may be due to large amounts of pu* 
bacteria, fat, or chyle. 

5 Brownish black may ind cate melanin whicl 
may appear only after the urine stands and 
the chromogcn melanogcn is converted into 
melanin. IJ present a gray precipitate, whidf 
blackens on standing, forms when a few drop; 
of 10% feme chloride is added to 10 cc. oi 

- unne 

6 Black may indicate homogentisic acid which 
occurs in alkaptonuria. Unne becomes blad 
after standing or after it is alkalinized Homo 
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gentisic acid reduces Benedict’s solution. 

C. No npal hological Coloration — following the 
ingestion of various drugs and foods. 
t. Red — beets, mercurochrome or prontosil in- 
saltation, phenolphthalein, selenium./ 

2. Blue or green — methylene blue. / 

:3. Brovm — rhubarb, senna, cascara, argyrol in- 
stillation. 

4. Yellozo — carotene, santonin, or pyridhim. 

5. Grpen — acriftavine/ 

UL Specific Gravity. 

A. Method. 

*1. Fill the container three-fourths full of well 
mixed urine, remove all foam with filter paper. 
2. , Float the manometer in the urine by rotating 
it rapidly to prevent its touching the bottom 
or the sides of the container. 

3. The specific gravity is obtained by reading 
the gradation on the stem of the instrument at 
the level of rite lower part of the meniscus. 

4. Each urinometer is calibrated to give readings 
. at a definite temperature, usually 25°C If 
f the temperature ot the urine is above or below 

this, a correction of 0.001 must be added for 
each 3°C above or deducted for each 3°C 
below. 

J If the quantity of urine is small and the spe- 
cific gravity is important, the urine may be 
diluted with distilled water and the specific 
gravity read; to obtain the correct number, 
multiply the last two figures of the specific 
gravity number by the amount of dilution. 
This diluted urine cannot be used for qualita- 
tive or quantitative tests . 

It. Normal, 

1. For a 24 hour specimen — 1.015 to 1.025. It 
varies inversely with the volume and directly 
with the amount of salt, urea, and protein in 
solution. For each gram of albumin per 100 
cc. of urine, the specific gravity is increased 

0.003. 

2. Single specimens may range from 1.002 to 
1.030. 

C. Pathological Significance. 

1. Varies from 1.001 to KQ /SO. *< 

*2, Low in chronic nephritis and diabetes insipi- 
’ ;dus. 

3. HigKTrT diab etes mellitus, fev ers, and acute 

nephritis,, - 

4. See Renal Function Tests, page^27.^ 

IV. Reaction. 

A. Nitraxine Paper. 

• 1. To determine pH of urine, use one of the 
, following methods: 


a. With a dean glass rod transfer a drop of 
urine to the surface of a piece n finirravind i 
gaper and spread evenly hy stroking or 
leave a small drop as such on the paper. 

b. Dip paper into urine three consecutive 
times and then shake off excess liquid. 

2. One minute after placing urine on paper, com- 
pare color with color chart. 

B. Litmus Paper. 

1. Test urine with neutral litmus paper dipping 
a strip of the paper info the urine. 

' a. Pink color — acid.«_^ 

b. No change in color— neutraL 

c. Blue — alkaline. 

2. When" the tes t is alkaline, dry the litmuipapeiA 
with heat. IfricJ ^esJtThl ue polor^the _p lka- 1 
li nitvps dug^^olaGlesqKUncer ammoriia; 7 

i f^^^^ latik^lkali^lTe^ paper, remains, blue. \ 

C. Normal V allies^ ’ " 

J. Freshly voided urine is usually add in re- k 
r action, the pH ranging, from 4 .8 to 7. 5, with '] 
an average of 6. ~ - ^ 

2. Ir may be alkaline after a full meal, after tak- 
ing large quantities of dtrus fruits, or as a 
result of taking alkalies. 

3. Twenty-four hour specimens are Jess add 
than freshly passed spedmens and may be- 
come alkaline after standing due to the de- 
composition of urea by bacteria and the liber- 
ation of ammonia. 

D. Pathological Significance. 

1. Acidity is increased in acidosis, fevers, and a 
diet with an excess of protein. -- 

2. 'May be alkaline in chronic" cystitis and urine 
retention due to decomposition of the urine 
in the bladder. Same ffason as in C3. 

3. Fixed alkaline urines are 1 associated with ane- 
mia, rapid absorption of transudates, some 
nervous diseases, obstructing gastric ulcer, se- -«•* 
vere vomiting, and alkaline therapy. ” 

V. QomlineBB, 

A. Report as -J-, — K or H — }— f**f" after 

suspending the sediment in the urine by shak- 
ing. See Table 1 on page 3. 

B. Freshly voided urine is usually dear; hut is 
sometimes cloudy due to the following sedi- 
ments which are identified with the micro- 
scope. 

1. Amorphous phosphates form a white cloud 

or precipitate in,*neutral or alkaline urine. 
This cloud disappears upon addition of dilute 
adetic add. f ‘ 

2. Amorphous urates form a white or pink cloud 
of sediment (brick dust deposit) in acid urine 
which disappears on heating. 
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3 Epithelial cells and mucus give cloudiness to I 
urine when present in large amounts. 

4 Blood gives unne a red or brown smoky 
color 

5 Bus males unne turbid, but clears up on fil- 
tenng or centrifuging 

6 Bacterta produce a uniform cloudiness which 
does not settle out and cannot be filtered out. 

7 Firt and chyle may render unne turbid. 

8 Shreds are often present in chronic gonorrhea 

VL Od o- 

A. Normal 

1 Aromatic, due to volatile acids More marked 
in concentrated unne 

2 Various articles of diet and drugs impart pe- 
culiar odors, especially asparagus and turpen 
tine 

B Abnormal 

1 It is ammoni3ca] after decomposition, impor- 
tant only in fresh unne and found in cy satis 
and unne retention 

l It is fruit) in diabetes if ketone bodies are 
present 

Chemical Tests 
L Protein, 

A Albumin m the unne is dem cd from a mim 

/ ber of sources 

I Physiologic albirmrnima appears after execs 
sive muscular exertion, prolon ged cold baths. 
excessiEE-ingtstiqn of proteins, etc 

'2 Orthostatic or postural alhmnnuna appears af 
ter a person has been m an erect position and 
f disappears with rest in bed 

'3 Accidental or False Albuminuria 

a D ue to p us, blood, and vaginal discharge, 
b Found in pv ebds. cysaqs, and chronic 
vaginitis. 

4 Pathologic Albumtnuna 

a. Albumin in kidney disease is denved from 
the blood plasma and indicates increased 
permeability of the glomerular filter Al * 
bunun, because of its smaller molecule, is 
excreted in larger amounts t han globulin 
or fibrin, ma rkedly decr easing the aibumin- 
globulm ra tio in th eTildod plasma when 
albumtnuna' is of sevcrSTjrade See Table 
4 on page'll 

b Also presented fehalcJjseases, t oxem i^_ 
of ptegnaneff- p assive cong estion ofth c 
kidne ys, an d anemias ^ 

B Principle o/t?tc~Tcstj All methods depend 
upon the precipitaaon of protein by chemical 
agents or coagulation by heat. 


Qualitative Tests. 

1 General Considerations 

a. Unne must be clear, if not filter or centn 
’fuge 

b If the unne is alkaline, add acenc acic 
drop by drop until slightly acid 
"Roberts Test 

a. Place 3 to 5 cc of clear unne in a test tub' 
three fourths to an inch in diameter 
b Place the tip of a 5 or 10 cc. volumetry 
ipette containing Robert's reagent to tbi 
ottom of the tube and allow about 3 Cc 
of the reagent to layer beneath the unr.t 

c. If several tests are being done, wipe ofi 
the tip of the pipette before inserting u 
into the next tube. 

d. A postavc test is indicated by a whiti 
nng at the zone of contact. 

e. The nng must be read within 3 minute 
after adding the reagent and with the eyd 
on the level of the contact nng In orae‘ 
to observe a faint nng create a dark back 
ground by placing a finger between th 
tube and source of light. 

f Rings that are 1 to 2 mm above the zoq< 
of contact are due to mucin and nncleo- 
albumin, nngs ! to 2 cm. above the zory 
of contact are due to urates, unc acid, urea 
and bile acids These are not to be reported 
positive for albumin. 

g The tesrmay be performed by holding a 
test rube cbntaining a few cc. of Roberts 
reagent in an inclined position and allow 
ing filtered unne to run slowly down the 
side of the tube from a pipette or medi- 
cine dropper It is difficult to get a good 
contact nng this way 

h Record the resulr according to Table J 
on page 3 (nng test) j 

i Robert's reagent 

Saturated marnei urn sulfate (U S. P 
MgSOi • 7H O) sol (add J liter ot 
water to BOO gm.) 5 pit's 

Nitric acid (cone) 1 pan 

Beliefs Nttnc Acid Test 
a Perform the test as directed under Robert s 
test using cone, nitnc acid instead of 
Roberts reagent and read the white n^g 
at the zone of contact m the same manner 
b A red or reddish violet nng which tends 
to extend downward into the acid is some 
ames obtained with normal unne, but this 
nng is due to the reaction of the unnary 
pigments with rntnc acid and is below the 
white one produced by albumin, 
c. If bile is present, a play of colon (red, 
violet, blue, and green) will be found at 
the hast of contact. 
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d. Interfering rings outlined under Roberts 
test also apply to the nitric acid test. 

*. A less accurate but rapid method of per 
forming a senes of tests is as follows 

1) Use a piece of glass tubing with an 
inside diameter of about 5 mm. 

2) Immerse this tube in the urine to about 
an inch, wipe off the outside, and lm 
merse in a test tube containing 2 inches 
of cone, rutnc acid 

3) By holding the finger over the top un 
til the upper let el of the urine m the 
tube is just below the surface of the 
acid in the test tube and then remov- 
ing the finger and lowenng the tube 
to the bottom of the test tube, the 
mtnc acid rises in the tube and forms 
a sharp line of demarcation between 
the two 

4) Place the finger over the upper end 
of the tube while removing it, hold up 
to the h^ht, and read the width of the 
white ring in terms of +, -J— p, etc. 

5) Rmsc out the tube and fill with an 
other unne, using the same test tube 

. of mtnc acid for a number of tests 
*A/!htlfosaltcyltc Acid Test (Exton’s Method) 
a. Mix equal volumes of clear urine and Ex 
ton’s reagent in a test t ube 
b If no cloudiness develops, albumin is ab 
sent 

c. If cloudiness appears warm gently but do 
not boil 

d If the cloudiness persists or increases on 
heating, albumin js present 
e Read while warm and record result ac- 
cording to Table 1 on page 3 (heat test) 
f Proteoses will cause a cloud on cooling 
g Bence-Jones protein causes a heavy pre- 
cipitate which clears partially or wholly 
upon boiling 

h Extorts qualitative reagent 

Sod um sulfate anhydrous 88 gm 

Sulfosahcyl c acid SO gm 

Distilled water to make 1 liter 

1) Dissolve the sodium sulfate in 800 cc 
of water with the aid of heat 

2) Cool, add the sulfosalicybc acid, and 
make up to volume with water 

5 Heat and Acetic Acid Test 

a. Fill a test tube three fourths full of clear 
urine and gently heat the upper portion 
to boiling, boil for 1 or 2 minutes being 
careful not to shake the tube more than 
necessary Rotate the tube to prevent 
cracking 


b A turbidity is due either to phosphates 
carbonates, or albumin^, 
c Add 3 drops of 10% acetic acid drop by 
drop, boiling between each drop 
d A white cloud now disappearing is due 
to earthy phosphates or carbonates 
e A fame trace of albumin may appear only 
upon the addition of the acid Larger 
traces appear upon boiling and may he 
come heavier upon addition of the acid 
f The addition of too much acid may dis 
solve faint traces of albumin and gne a 
falsely negative reaction 
g In order to detect slight traces the tube 
must be held against a black background 
h See Table 1 on page 3 (heat test) for re 
cording amount present. 

6 Purdy's Test Modified 

a rill a test tube half full of filtered urine 
b Add about one fifth of its volume of sat 
urated aqueous solution of sodium chlo 
nde to raise the specific gravity (high spe 
cific gravit) prevents the precipitation of 
mucm) 

c Add 2 to 5 drops of glacial acetic acid 
d Mix well and boil the upper portion 
gently Rotate tube to present cracking 
e A cloud denotes the presence of albumin 
f Record amount present according to Ta 
ble 1 on page 3 (heat test) 

D Quantitative Tests 
1 Esbach's Test (Tsuchiya’s Modification) 
a The unne must be filrered unnl clear 
b If the qualitative test for albumin is 3 plus 
make a 1>5 dilution, if 4 plus, make a 1-10 
dilution with distilled water 
c. If not acid add 10% acetic acid drop by 
drop to give a pH of 5 0 
d Add enough powdered pumice or banum 
sulfate to an Esbach s tube to just cover 
the bottom of the tube This increases 
the rate of sedimentadoa 
e Fill tube with unne to mark U and add 
Tsuchiya’s reagent (or Esbach’s) to mark 
R. 

f Close tube with a rubber stopper and in 
vert slowly 10 times. 

g Place m a test tube rack and keep in a 
cool place for sedimentation 
h The height of the sediment must be read 
at the end of 30 minutes 
i If pumice is not added, read at 24 hours 
j The readings on the tube indicate grams 
of albumin per liter of unne To change 
to per cent divide by 10 
k If the unne has been diluted, multiply the 
final reading by the dilution 
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l 7 suchtya's reagent 

Phosphotungstic acid (crystal*) I * gni 

AlcoW 405%) 5 cc 

Hydrocl lor c ac d (cone ) W cc - 

D ssolve the p! ospl otungst c acid in the alcohol 
before add ng tl e ac d 
2 Shevky and Stafford’s Method 

a Test the urine for albumin if over one 
plus dilute 1 part unne with 9 parts of 
distilled water 

b Place 8 cc of urine (or diluted urine) in 
a 15 cc graduated centrifuge tube. (Pref 
erably calibrated cubes with long narrow 
ops) 

c Carefully stratify J cc of Tsuchiya s re 
agent over the urine 
d Stopper and invert slowly 3 times 
«. Let smd exactly l towaw. -After uww\£ 
centrifuge for 15 minutes at 1800 revolu 
tions per minute (The greater the delay 
between mixing and centrifuging the 
greater is the volume occupied by the pre 
cipitate ) 

f Read the volume of packed precipitate 
g Calculation With undiluted unne each 0 1 
cc of precipitated protein is equivalent to 
0 036 gm of protein per 100 cc. of unne 
3 Kingsbury s Test (Life Insurance Method) 
a Pipette 4 5 ml of 3% sulfosahcyhc acid 
into a test tube the same size as tne stand 
ards and add 1 5 ml of clear urine Tubes 
already graduated at 4 5 and 6 ml may be 
used 

b Invert 3 times and allow to stand for 10 
minutes 

c Compare the turbidity with that of the 
permanent standards against a blad line 
on a w hue bacl ground and toward a 
source of light 

d Tor \ alues abo\ e 100 mg repeat the test 
with unne diluted sufficiently with dis 
tilled water to come within the range of 
the standards multiply the result by the 
dilution 

c The standards represent from 5 to 100 
mg of protein per 100 ml of urine re 
port results in grams per cent 
f Permanent standards 

1) The formazm standards may be ob- 
tained from A S Aloe (St Louis) 

2) These should be changed periodically 
due to fading 

\y II Bence Jones Protein 
A. General Considerations 
I Bence Jones protein is thought to be a prote 
ose and is usually associated with a high serum 
globu in 

’ h found in about 50% of cases of multiple 


mycioma, and sometimes in other bone 
tumors chronic leukemia empyem? and 
hyperparathyroidism It is found along t ith 
albumin m some cases of chronic neplvnr.' 
with high blood pressure and edema also 
in some apparently healthy j oung people with 
high blood pressure 

B Method 

1 Fill a test tube three fourths full of urine acid 
ified to a pH of 5 5 with 10% acetic acid and 
gently heat in a beaker of water with a ther- 
mometer in it. 

2 If this protein is present, the urine will begin 
to be turbid at about 40°C and a flocculent 
preejp tate will form at about 60* C. 

3 Bring to the boiling point, the precipitate 
will wholly or partially dissolve 

4 Filter while hot, the lienee Jones protein in 
the filtrate reappears on cooling to 60°C 

5 As a confirmatory test the protein may be 
precipitated by adding nitric acid at room 
temperature This precipitate wholly or par 
tiallv clears up on boiling and reappears on 
cool ng Filter immediately after boiling if 
albumin is present. 

Ill Mucin 

A General Considerations 

\ Important chiefly because it may be mistaken 
for albumin in most of the tests 

2 Mucin and mucoid are gkeoprotems and on 
boiling with an acid or alkali will reduce the 
copper sulfate in Benedict s reagent 

3 Tound in increased amounts in irritations and 
inflammations of the mucous membrane of 
the urinary tract or the vagina 

B Detection, 

1 If the unne w'as positive for albumin remove 
the albumin by boiling 5 cc of the unne and 
filtering while hot. 

2 When the filtered unne is cold dilute 2 cc 
with 6 cc of d stilled w ater to prevent the 
precipitation of urates 

3 Make strongly acid by adding a few drops of 

f jacial accuc acid 

f mucin is present, the unne will become 
turbid 

5 The precipitated mucin will dissolve on the 
addition of a few drops of 10% sodium hy- 
droxide 

IV Glucoee. 

A Normally present in 0 01 to 0 03 gram per 
100 cc of unne 
B Glycosuria 

1 In diabetes mtUitus sugar usually appears in 
the unne when the level of glucose in the 
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blood rises above 160 mg. per 100 cc. This 
is the renal threshold (varies from 114 to 216 
mg.) for glucose for most people. 

2. In renal diabetes glucose appears in the urine 
with normal or low blood levels. - 

3. Glycosuria may be present after brain injury 
and after coronary thrombosis^/ 

C. General Considerations. 


1. Albumin, when present in appreciable 
amounts, must be removed. The presence of 
albumin interferes with sugar reactions. Add 
a few drops of 10% acetic arid to a few cc. 
of urine, boil, and filter. 

2. When sugar is found, always test for acetone 
and diacetic acid. 

3. False positive rests may be due to homo- 
gcntisic acid in alkaptonuria; increased ascor- 
bic acid after ether anesthesia, formalin used 
as a preservative; also glycuronates from 
camphor, chloral hydrate, or morphine thera- 
py and urates reduce copper slightly. 

D. Qualitative Tests. (Single specimens may be 
used.) 


1. Benedict's Test. 

Principle: An alkaline copper sulfate reagent 

is reduced to cuprous oxide by the action of 

glucose and other reHuong sugars^ 

a. Place 5 cc. of Benedict’s qualitative reagent 
in a test tube. 

b. Add 8 drops (0.5 cc.) of urine (no more), 
mix by shaking, and boil vigorously for 2 
minutes over a flame. (Four drops of urine 
to 2.5 cc. of Benedict's reagent works just 
as well and saves Benedict’s reagent.) 

c. When doing a number of urines, the test 
tubes may be placed in a beaker of boiling 
water for exactly 5 minutes. 

d. The tubes are read at once. 

e. In tjie presence of glucose^the entire solu- 
tion will be filled with a precipitate rang- 
ing in color from yellowish-green to red 
Normally a small quantity (up to 0.5%) 
of reducing substances are present, which 
appears as a slight yellow precipitate only 
when the reagent is cold. 

f. Record the results according to Table 1 
on page 3. 

g. The reaction may be read by the amount 
of sediment after the tubes are allowed to 


cool slowly. 

Benedict's qualitative reagent. 

Copper sulfate (pure crystalline 

CuSOvJHeO) 173 gm 

Sodium citrate, c.p 173.0 gm 

Sodium carbonate (anhydrous) 1000 gm. 

(or 200 gm. of crystalline Na2CO3*10H2O) 

Distilled water ro make one liter. 


1) Dissolve the citrate and carbonate in 
600 cc. of water with the aid of heat 
and filter. 

2) Dissolve the copper sulfate in 100 cc. 
of water with the aid of heat and pour 
slowly into the first jolurion, stirring 
constantly. 

3) Cool and make up to 1 liter. 

4) This reagent keeps indefinitely. 

5) It cannot be used for quantitative tests. 

2. Phenylbydrazine Test. 

Principle: Each sugar forms an osazone with 
a definite crystalline form when brought into 
contact with phenylhydrazine and acetate. 

a. Place 0.1 gm. of pure phenylhydrazine hy- 
drochloride in a wide test tube with 3 cc. 
of urine. 

b. Add 0.2 gm. sodium acetate. 

c. Heat in a boiling water bath from 30 to 
60 minutes. 

d. The annoying bumping can be reduced 
or obviated by shaking continually or by 
placing in the test tube a number of pieces 
of glass tubing varying in length from 1 
to 3 inches so as to produce an organ pipe 
effect. 

e. Set aside to cool or, if the glass tubes were 
used, pour the fluid into another hot test 
tube and allow to cooL 

f. Examine the sediment with the micro- 
scope, using a 16 mm. objective. 

g. If glucose is present, there will be yellow, 
needJe-hke phenylglucosazone crystals ar- 
ranged mostly in clusters. 

h. When traces of glucose are present, the 
crystals may not appear for 30 minutes 
or more. 

L The best crystals are obtained when the 
fluid is cooled very slowly and not agi- 
tated during cooling. 

j. Glucose and fructose form the same osa 
zone, see Pig. 1A. 
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k Lactosazonc crystals appear as delicate 
threads in clusters, resembling soft * pom 
pons, see Fig IB 

1 Pentosazone crystals resemble a mass of 
tangled rootlets see Fig 1C 

3 Fermentation Method 

Principle Glucose is fermented by yeast with 
die evolution of CO lactose and pentose are 
not 

a Boil about SO cc of unne to till the bac 
tena 

b Cool and mix about 2S cc of the unne 
with one-quarter cate of fresh yeast, 
c Label 3 fermentation tubes A, B and G 

1) Till the long arm of tube A and about 
half the bulb with the above mixture 
of y east and unne Remove all bubbles 
by upping the tube with the thumb 
over the opening 

2) Fill tube B in the same manner with 
a mixture of yeast and distilled water 
(control to sec if yeast produces gas in 
the absence of glucose) 

3) Fill tube C in the same manner with a 
mixture of yeast and a solution contain 
mg glucose (control to see if yeast will 
produce gas in the presence of glu 
cose) 

d Plug all tubes vmlv cowon and place in a 

37°G incubator for 2 to 3 hours or leave 

standing at room temperature for 24 hours 
e If fermentation tubes arc not available the 

following may be used 

1) Invert a small tube (3/8 by 3 in ) in a 
large tube (3/4 by 6 in ) filled with the 
yeast and unne mixture Label A 

2) Place the thumb over the opening of 
the large tube and invert turning the 
tube back slowly so that the small tube 
is filled completely 

3) Set up two more sets of tubes, label 
B ana G using same mixtures as in 
fermentation tubes B and C above 

f Results 

1) If tubes A and C contain gas and tube 
B does not, the unne is positive for 
glucose 

2) If tube B contains gas the test must 
be repeated with different yeast 

3) If tube C does not contain pas the 
test must be repeated with different 
yeast. 

E QtmnlUn/ite Tests (Only samples of well 
mixed 24 hour specimens are used ) 

1 Benedicts Method 

Principle Glucose (and other reducing sub 


stances) reduce the copper hydroxide to 
cuprous oxide winch in the presence of po 
tassium thiocyanate is changed to white cop- 
per thiocyanate 

a Place 25 cc of Benedicts quantitative re- 
agent in a 250 cc evaporating dish 
b Add 5 to 10 gm of anhydrous sodium car 
bonate and a few grams of powdered pum 
ice stone or talcum to prevent bumping 
c Heat to boiling and add the untie rather 
rapidly from a burette until a chalk wlutc 
precipitate forms and the blue color be 
gins to fade 

d After this point is reached add the urine 
drop by drop until the last trace of blue 
just disappears and a gray color remains 
Half minute intervals must be allowed to 
elapse between additions of unne in the 
final steps of the titration 
e During the whole titration the mixture 
must be kept boiling vigorously and the 
loss of fluid by evaporation must be made 
up b\ adding distilled water 
f If less than 5 cc of unne are required 
make a I 10 dilution with distilled water 
and repeat 
g Calculation 

The quantity of unne (make correction 
if dilution is made) used contains 005 

f ;ram of glucose since the Benedicts so- 
ution is of such strengtli that 25 cc is 
completely reduced by this amount of 
glucose Using this figure the number of 
grams in 24 hours or the number of grams 
per 100 cc (perccnrnpc of sugar) can be 
computed 

1) The percentage is obtained by divid 
me (0 05 X 100) or 5 by the number 
ofee of unne required to reduce 25 cc 
of Benedicts solution 
2) To obtain grams in 24 hoirs divide 
0 05 by amount of unne needed to 
reduce 25 cc of Benedicts solution 
and multiply by number of cc of unne 
in the 24 hour specimen 

h Benedict's quantitative reagent 


Copper sulfate (pore cry-stall zed) 18 0 pm 
Soa um carbonate (anhydrous) 1000 gm 

(or 200 gm of crystal! ne NajCOj JOH O) 
Sodium citrate c p 2000 gm 

Potass am sulfocyanate, e p 12JXI gm 

Potass um ferrocyan de solution (J%) SJ0 cc 
Distilled water to make 1 1 ter 


1) With the aid of heat, dissolve the car 
bonate citrate and sulfocyanate in 
about 600 cc of water and filter 

2) Dissolve the copper sulfate in 100 cc 
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of w ater with the aid of heat and pour 
slowly into the first solution, stirring 
constantly 

3) Add die ferrocyanide solution, cool, 
and dilute to 1 liter. 

4) The copper sulfate should be weighed 
on an analytical balance 

5) The solution keeps well 

6) It should be checked by titrating with 
a standard glucose solution Twenty- 
five cc should be reduced by 5 cc. of 
the 1% stock glucose standard solution 
used in blood sugar determinations 

2 Benedicts Test Tube Method 

a. Pipette 5 cc of Benedict’s quantitative re- 
agent into a large pyrex test tube 
b Add 1 or 2 gm of sodium carbonate and 
bod vigorous!) while agitating the tube 
gently 

c. From a 1 cc pipette calibrated to 0 01 cc., 
add urine drop by drop to the solution, 
keeping the solution boding while addjig 
the urine 

d. When the blue color starts to fade, the 
solution should be boded for 30 seconds 
between the addition of each drop 

e The end-point is reached when the blue 
jus: disappears and a gray color remains. 
f If less than 1 cc. of unne is required, make 
a 1-5 dilution with distilled water and 
repeat 

g Calculation 

1) The number of cc. of unne used 
divided into (0 01 X 100) or 1 equals 
the glucose present in per cent since 
0 01 gm of glucose reduces 5 cc. of 
Benedicts reagent. 

2) For grams per 24 hours, divide cc of 
urme used into total volume of unne 
and divide by 100 

V. Lactose. 

A. General Considerations. 

1. Often present in unne of pregnant women or 
during period of lactation. 

2 Lactose forms crystals with phenylhydrazine 
and is not fermented by yeast. 

B. Rubner^s Test Modified. 

1 Place 3 cc of unne in a test tube, add 2 cc 
of ammonium hydroxide and 3 drops of 10% 
sodium hydroxide 

2 Heat in a beaker of boding water and observe 
after heating 2, 3, 4, and 5 minutes 

3 A distinct reddish but not brilliant color is 
positive 

4 Heating too long diminishes the color and a 
brownish tinge may appear 

5 Other sugars give a yellow color 


YT. Pentose. 

A. General Considerations. 

1 May be present after ingestion of large quan- 
tities of pentose-nch substances (cherries, 
plums, fruit juices) or in habitual use of mor- 
phine 

2 There is a chrome form of pentosuria which 
is most commonly found in the Hebrew race 

3 Pentose forms crystals with phenylhydrazine 
and is not fermented by yeast 

B. Taubers Test 

1 Place 1 to 2 cc of a saturated solution of 
benzidine m glacial acetic acid (1 gm m 25 
cc ) in a test tube 

2 Add an equal amount of unne 

3 Place m a boiling water bath and watch for 
a cherry red color gi\ en by a pentose 

4 After 9 to 10 minutes the red will change to 
brown which is the color given by other su 
gars 

VII. Ketone Bodies. 

A. Ketone bodies are acetone, diacetic acid, and 
beta hydroxybutync acid Their chief source 
is faulty catabolism of fats whereby the fatty 
acids are not completely oxidized When 
these are present in the urine, there is a state 
of ketosis 

B. Ketosis occurs most frequently in diabetes 
roeJlitus, but is also found in starvation. Von 
Gierke’s disease, eclampsia, fevers, certain 
nervous disorders, after prolonged vomiting 
or diarrhea, and after ether or chloroform 
anesthesia 

C. General Considerations 

1 Specimens positive for sugar and all specimens 
from prenatal patients and patients in acidosis 
must be examined routinely for acetone and 
diacetic acid 

2 If the_Rothera test, which is for both a cetone.. 
and diacetic acid, is positive, the Gerhard C te st 
"i or diacetic acid should be made This is a 
rough "quantitatu e method to determine the 
degree of ketosis as the Rothera test is a much 

j more sensitive test than the Gerhardt test. See 
! methods for the sensitivity of the tests 

3 \The tests should be made within 3 hours, 
preferably immediately after collection of the 
unne If tlus cannot be done, the specimen 
should be kept in the refrigerator 

4 Fresh urme contains relatively little acetone, 
but on standing the diacetic acid is decom 
posed to acetone 

5 The diacetic acid excreted m the unne in a 
giv en time is approximately the same whether 
the volume is large or small, it is therefore 
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necessary to take into account the volume of 
urine excreted in a given time 
D Rolherd's Test for Acetone and Diacetic 
Acid Principle? Sodium mtroprusside (sodi 
urn muoferncyamde) is decomposed to 
Na*Fe(CN e ). NaN0 2 and Fe(OH) s in an 
alkaline solution These chemicals arc strong 
oxidizing agents and in the presence of diacetic 
acid and acetone yield a complex having a 
rose or purple color The ammonium sulfate 
acts as a buffer maintaining the alkalinity 
within the range at which the complex lias a 
purple color The test is 15 to 20 times more 
sensitive for diacetic acid than for acetone 

1 To 5 cc of fresh urine add ammonium sulfate 
crystals until saturated (about 1 gram) 

2 Add 2 drops of sodium mtroprusside reagent 
and mix thoroughly 

3 Overlay with ammonium hydroxide 

4 If acetone is present, a red to purple color 
will develop at the line of contact The color 
may not appear for 10 to 15 minutes 

5 The nng tends to be more red than purple in 
low concentrations A definite purple color 
appears with 2 mg per cent of diacetic acid 
(expressed as acetone) and 30 mg per cent 
of acetone 

6 Urrne collected after a heavy meal may give 
a purplish or violet color within 30 seconds 
which fades within 3 to 4 minutes this is 
not a positive test. 

7 Amorphous urates may give a brown or 
orange color 

8 Sodium Nttroprvfside Reagent 
Sodium nitropruss Je (mtrofemcyanide) 

crystals 10 jm 

Sulfuric acid (cone.) 2 cc 

DotiJJed water to mate 100 cc 

Keep in a brown bottle. 

E. Ccrhardl’e Test for Diacetic Acid 

1 To J cc. of fresh unne in a test tube, add 10% 
feme chloride solution drop by drop until 
all the phosphates are precipitated 

2 Filter if necessary, and add more feme 
chlonde 

3 If a red wme color appears, it merely mdi 
cates the possible presence of diacetic acid, 
as salicylates, phenol, antipynne, and sodium 
bicarbonate give a similar color 

4 If this red color is obtained, die test must be 
repeated on a fresh portion of the unne as 
follows 

a. To about 5 cc. of unne m a test tube, add 
an equal volume of water and 1 drop of 
nitnc acid and boil down to the onginal 
volume 

b Cool and add the feme chlonde as before. 


c Boiling drives off the diacetic acid, so if 
there is no red color m this second test, 
diaccoc acid was present in the unne and 
the test is positive for diacenc 3Cid 
5 This test is positive in a concentration of 100 
mg per cent of diacetic acid (expressed as 
acetone) 

VIII Bdc Pigment 
A. General Considerations. 

1 Bilirubin is not normally found in the unne 
but may be demonstrable when there js no 
visible jaundice of the skin or sclera. 

2 In complete obstructive jaundice there is bib 
rubin without urobilinogen in the unne 

3 In partial obstruction and hepatogenous jaun- 
dice, both bilirubin and urobilinogen may he 

J iresent in the unne. 

n hemolytic jaundice urobilinogen is pres- 
ent, but no bilirubin unless there is liver aam 
age 

B GmeUn’t Test (Modified) 

Principle* After precipitation of the bile pig 
ment by barium chlonde, it is oxidized by 
acids to denvatives like biliverdm (green) 
bibcyamne (blue), and choJctchn (yellow) 

1 Add 10 cc. of a 10% solution of barium 
chloride to 20 cc. of unne, mix, and let stand 
a few minutes 

2 Filter through a small filter paper 
3 Spread filter paper on a dry piece of filter 
paper and add ! or 2 drops of > ellow nitnc 
acid to the center of the paper 
4 A positive reaction is indicated by a play of 
colors, green on the penphery, then in order 
toward the center, blue, violet, red, and yel 
low The absence of green excludes the pres- 
ence of bile pigment. 

5 Yellow nitnc acid can be made by adding 
a small piece of pine wood (applicator sock) 
to the acid 

C. II arm on’ a Spot Teat. 

Principle Same as for Gmelins test. 

1 Add 10 cc. of a 10% solunon of banum 
chlonde to 20 cc. of unne, mix, and let stand 
a few minutes 

2 Filter through a small filter paper 
3 Spread filter paper on a dry piece of filter 
paper and ada 1 or 2 drops of Fouchets re 
agent. 

4 A positive reacoon is indicated by a blue to 

f reen color 
ouchet’s Reagent 

Trichloroacetic and 2 S gin- 

Disolled water 100 cc. 

Feme chlonde solution (10%) 10 cc. 
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D. Methylene Bine Test. 

1. Add a 0.2% aqueous solution of methylene 
blue drop by drop to 5 cc. of a pre-breakfast 
urine. Tne urine will first turn green. 

2. The number of drops needed to change the 
color from green to blue is the end-point. 

3. More than 4 drops is considered a positive 
test for bilirubin; 4 drops or less is a negative 
test. 

4. If more than 8 drops are required, make a 
1 to 5 dilution of the urine and repeat. Multi- 
ply the number of drops by die dilution. 

5. An occasional false positive result may be ob- 
tained with urine having a high specific 
gravity. 

6. urine obtained after large doses of penicillin, 
riboflavin, or quinacrine (atabrine) may give 
false positive results. 

E. Foam Test. 

1. Shake urine; if foam on top is yellow', bile 
may be present. 

2. Certain drugs (pyridiwn, serenium) and in- 
creased amounts of urobilin compounds will 
give a false positive test. 

tX. Urobilinogen. 

A. General Considerations. 

1. Urobilinogen is formed in the intestine by 
the action of bacteria on bile pigment. Part 
is excreted in the feces, part absorbed by the 
intestine and returned to the liver by way of 
the portal vein. Of the latter, a small amount 
is again excreted in the bile, a small amount 
passes through the liver and is excreted by 
the kidneys, and the rest is metabolized by 
the liver. 

2. If no bile passes into the intestine, as in com- 

plete obstruction of the bile ducts, no urobili- 
nogen will be formed and none will be fognd 
in the urine. <*' 

3. In all conditions with excessive destruction 
of the erythrocytes, there will be an increase 
of bile pigment in the intestine resulting in an 
increased formation and absorption of 'uro- 
bilinogen. The liver can not petabolize all of 
this urobilinogen, so there is an increased ex- 
cretion of urobilinogen in the urine. - 

4. In partial damage to the parenchyma of the 
liver, there is an increase of urobilinogen in 
the urine because the damaged liver cells are 
unable to remove it from the blood at the nor- 
mal rate. 

5. A temporary increase of urobilinogen in the 
urine may be caused by constipation. 


B. Wallace-Diamond Test (Modified). 

Principle: The test depends upon the reaction 
between urobilinogen and paradimethylamino- 
henzaldehyde to form a cherry-red com- 
pound. 

1. The test should be made soon after the urine 
is voided since urobilinogen is rapidly oxi- 
dized to urobilin on exposure to air. 

2. Place 10 cc. of urine in a test tube 15 mm. 
in diameter. The urine must not be cold. 

3. Add 1 cc. of modified Ehrlich’s reagent and 
mix by inverting the tube several times. 

4. Let stand 5 minutes. 

5. A cheny-red color appears if urobilinogen 
is present in abnormal amount. A light red 
and shades of pink appear when it is present 
in normal quantity. The examination for 
color should be made by viewing the con- 
tents through the mouth of the tube, holding 
it at a slight angle over white paper. 

<5. If positive, dilutions of the urine, 1-10, 1-20, 
1-30, etc., should be made with slightly 
warmed distilled water and the test repeated. 
A slight color in the 1-20 dilution is normal. 

7. Report dilution which gives a light red color. 

8. The test is of no value in infections of the 
urinary tract due to the interference of ni- 
trites produced by bacteria. 

9. Formalin interferes with the test. 

10. Urines containing bile and nitrites turn green 
when Ehrlich’s reagent is added. 

11. Sulfonamides and novocaine give a greenish 
yellow color. 

12. Pyridium, indole, and porphobilinogen give 
false positive reactions. 

13. Ehrlich’s Reagent (Modified). 


Distilled water 100 cc 

Hydrochloric acid (cone.) 1J0 cc 

P-dimethylaminobenzaldehyde 07 gm. 


C. Quantitative Urobilinogen. 

1. A 24 hour specimen must be used for an ac- 
curate quantitative determination. 

2. Collect urine in a brown bottle containing 100 
cc. of benzin (petroleum ether) and 5 gm. of 
anhydrous sodium carbonate. 

3. See method (p. 116) in Section on Liver 
Function Tests. 

X. Porphyrina. 

A. Coproporphyrin. 

1. Type I is increased in vitamin deficiency (pel- 
lagra), liver damage, and acute porphyria 
(type sensitive to fight). 

2, Type m is increased in toxic states, such as 
lead poisoning, after salvarsan, quinine and 
sulfonamide therapy, in acute intermittent 
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porphyria, and jn acute poliomyelitis 
3 It may be identified by the absorption spectra 

B Uroporphyrin, 

1 Type I is the predominate porphyrin increased 
in acute porphyria 

2 Type III is the predominate porphynn in 
creased in acute intermittent porphyria 

3 If present in large amounts it gives a port 
wine color to the urine or the urine mav 
become red only after standing 

G. Porphobilinogen 

1 Found in acute intermittent porphyria. 

2 It is not a porphynn and is converted to por 
phobihn when the unne is acidified with hy 
drochlonc acid or left at room temperature. 
Porphobilin will not give a positive Watson 
and Sch w a r t z s test for porphobilinogen. 

3 Method (Watson and Schwartzs) 

a The unne must be a freshly \oidcd 
specimen 

b Mix equal parts of unne and modified 
Ehrlich? reagent in a test tube 

c. If a red color is obtained add an equal 
volume of a saturated aqueous solution of 
sodium acetate 

d. Add a few cc. of chloroform and mix 
thoroughly 

t The ltd ■aldehyde compound of porpho- 
bilinogen remains m the aqueous tract on 
while that of urobilinogen or indole is 
completely extracted by the chloroform 
f The test must be earned out with these 
exact proportions of the reagents, 
g For a rough quantitative estimation make 
serial dilutions of the unne (1 10 1 20 
MO etc.) and repeat the test. 

XI Phenylpyruvic Acid 
A, General Coruideratiang 

1 Phenylpyruvic acid is formed by oxidative 
deamination of phenylalanine 

2 It is increased m phenylpyruvic oligophrenia 
and thiamin deficiency 

B Method 

1 Add 2 to 3 drops of approximately 5 N 
sulfunc acid (25%) to 10 cc of urine 

2 Add 3 to 5 drops of 10% feme ammonium 
sulfate 

3 A green color indicates the presence of an 
abnormal amount of phenylpyruvic acid 

XII Blood 

^ A, Blood may be in the form of intact erythro- 
cytes (hematuria) or hemoglobin (hemoglo- 
binuria) 


1 Hematuria occurs in acute nephritis passive 
congestion of the kidneys, calculi, malignant 
papilloma, renal carcinoma tuberculosis of the 
Kinney, chronic infections, after admmistra 
tion of sulfonamides and certain other drugs 
and as a result of hemolytic poisons 

2 Hemoglobinuria appears after hemolytic pm 
sons severe bums black water fever, paroxys 
mal hemoglobmuna hemolytic transfusion rc 
actions and sulfonamide anemias When free 
hemoglol in reaches an avenge of 150 mg 
per 100 cc. of plasma (30 300 mg) it is 
excreted by the kidneys 

3 The benzidine test is positive with hemo- 
globin methemoglobin carbon monoxide 
hemoglobin and acid hematin but not hemato- 
porphynn. 

B Bcn-idmc Test 

Principle The peroxidase activity of hemo 
globin decomposes hydrogen peroxide and 
the liberated oxygen oxidizes tne benzidme 

1 General Considerations 

a. If only a few blood cells are present, the 
test should be made on the sediment from 
a centrifuged specimen. It will be positive 
when there are twehe or more erythro- 
cytes per high power field 
b Pus will produce a blue color but not if 
the unne is previously boiled 
c. Benzidine base (not tne dihydrochlonde) 
labeled for blood test must be used 
d Too much benzid nc or too much hydro- 
gen peroxide interferes with the delicacy 
of the test. 

e If in doubt as to the freshness of hydrogen 
peroxide, add a few drops of 10% potas 
sium d chromate solution and a few' drops 
of cone sulfunc acid to 2 cc of peroxiae 
A blue color indicates it is active 
f A false postive benzidine reaction is ob 
tamed when the test is done m a test tube 
which has cuprous oxide left in it from a 
positn e sugar reaction 

1) An easy way to remove the copper 
film is to nnse out the rube with the 
final solution left from a Eohn Wu 
blood sugar test. 

2) There is enough phosphomolybdic acid 
in the solution to reduce the cuprous 
oxide in the tubes. 

g Bromides tod des nitric aad and forma 
bn will also give a false positive reaction, 
h Fats give false positive reactions and if 
present should be removed by extra ctuif> 
with ether (see confirmatory test page 102) 

1 Ascorbic acid may produce a false nega 
nve reaction. 
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2. Method. 

a. Place a pocket-knife point full of benzi- 
dine base in a test tube. 

b. Add 3 cc. of glacial acetic add and shake 
until the acetic acid is thoroughly satu- 
rated. If necessary, add more benzidine. 

c. Allow to settle and pour the clear super- 
natant liquid into another clean test tube. 

d. Add 2 cc. of urine (previously boiled and 
cooled) to 1 cc. of the clear benzidine 
solution and mix. • -J 

e. Add 1 cc. of fresh 3% hydrogen peroxide 
and mix. 

f. The appearance of a green or blue color 
within 5 minutes indicates the presence of 
blood. Report as follows: 

Trace— faint green 
+ = green 
+ + = greenish blue 
+ + -f =blne 
+ + + + = deep blue 

g. A saturated solution of benzidine in gla- 
cial acetic acid (4 gm. to 100 cc.) keeps 
2 weeks in a dark brown bottle. 

C. Guaiac Teal. 

1. Place 4 cc. of urine in a test tube, add a few 
drops of glacial acetic add, and mix. 

2. In another test tvbc place a pocket-knife point 
full of powdered guaiac, add 2 cc. of 95% 
alcohol, and mix. 

3. Add 2 cc. of fresh 3% hydrogen peroxide, 
mix, and pour slowly down the side of the 
tube containing the urine so that it forms a 
layer on top o? the urine. 

4. It blood is present, a green to blue color will 
appear at the zone of contact of the two lay- 
ers. The intensity of the color will vary with 
the amount of blood present, see benzidine 
test for method of reporting results. 

5. A 1:25 solution of guaiac in alcohol keeps 
8 months in a dark brown bottle. 

6. False reactions are due to the same substances 
as in the benzidine test and to iron. 

7. This test is less sensitive than the benzidine 
test. 

Xin. Indican. 

A. General Considerations. 

1. Indole is the product of putrefaction of pro- 
tein in the intestinal tract. It is absorbed and 
oxidized to indoxyl in the. liver. The indoxyl 
combines with sulfuric acid and potassium to 
form indoxyl potassium sulfate or indican. 

2. It is increased: 

a. After diets rich In proteins. 

' b. In obstruction of the small intestine, in 
intestinal indigestion, cholera, and typhoid 
fever. 


In diseases of the stomach associated with 
decreased hydrochloric acid, gastritis, and 
gastric cancer. 

In diminished bile flow. 

From decomposition of protein in other 
parts of the body as occurs in peritonitis, 
empyema, and large abscesses. 


B. O her mayor’s Test. 

Principle: Obermayer’s reagent will oxidize 
indican (indoxyl potassium sulfate) to indigo- 
blue or occasionally to indigo-red if the 
oxidization is slow. 

1. To 3 cc. of urine in a test tube, add an equal 
volume of Obermayer’s reagent and mix thor- 
oughly. 

2. Heat until the tube is warm. 

3. Add 2 cc. of chloroform and mix by invert- 
ing several times, but avoid violent shaking. 

4. Allow the chloroform to settle. 

5. The indican in normal urine may give a faint 
blue color to the chloroform. 

6. If present in excess, the color ranges from a 
trace to a very deep blue, depending upon 
the amount present Occasionally a red color 
appears due to indigo-red. 

7. Iodides and thymol give a reddish-violet color 
with this reagent which disappears on adding 
a crystal of sodium thiosulfate. 

8. The presence of urotropin, formalin, and bile 
pigments interferes with the test Bile pig- 
ments may be removed from the urine by add- 
ing one-fifth volume of 10% barium chloride, 
mixing, then filtering. 

9. Obermayef's Reagent. 


Hydrochloric acid (cone.) 1000 cc. 

Ferric chloride 2 gm. 


XIV. Dinzo Substances. 

A. General Considerations. 

1. Certain unknown substances give a positive 
diazo reaction when treated with Ehrlich’s 
diazo reagent and ammonium hydroxide. 

2. These substances are found in typhoid fever, 
measles, and advanced tuberculosis. 

B. Method. 

1. For Ehrlich’s diazo reagent see Van den Bergh 
test (p. 111). Mix 10 cc. of solution A with 
0.1 cc. of solution B. 

2. Mix 2 cc. of urine with 2 cc. of diazo reagent 
and shake vigorously. 

3. Overlay with 2 cc. of ammonium hydroxide. 

4. A bright pink to red color (not yellow or 
orange) at the zone of contact and particularly 
in the foam indicates a positive reaction. 
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XV. Bromides anil Iodides 
A Qualitative Test 

1 Acidify about 10 cc of urine with dilute sul- 
furic acid 

2 Add a few drops of fuming nitric acid, a few 
cc of chloroform and shake 

3 The chloroform, which settles to the bottom 
assumes a yellow color m the presence of bro 
mides 

4 Iodides give a pink to reddish violet color to 
the chloroform 

B Quantitative Test for Bromides 

1 See Wuth s method in the Section on Chemis- 
try (p 325) 

2 Iodides form a brown precipitate with gold 
chloride 

3 The excretion of bromides is quite constant 
and rapid after bromide therapy 

XVI Tat and Clijlc 

A. For 

1 Shake 10 cc of unne with 10 cc of ether 

2 If fat is present, the urine becomes clear be- 
cause the ether dissolves the fat. 

3 Filter the ether through a small filter paper 
and let the paper dry 

4 If fat uas present in the urine, the paper will 
be greasy 

5 Found in fatty degeneration of the kidney 
B Chyle 

1 The urine appears milky 

2 Chyle gives the same test for fat as described 
above 

3 It may be differentiated from ordinary fat by 
the fact that the panicles arc too small to be 
seen with the microscope, while fat globules 
may be easily seen 

4 Chuuria occurs most frequently in filariasis 
and is the result of obstruction and dilatation 
of the thoracic duct or its chyle carrying 
tributaries followed by rupture of distended 
lymphatics into the urinary tract. 

\Vn Total Solids 

A Total solids may he roughly estimated by the 
following formula 
S “ 0002JJ X g X o 
S — grams of sol ds in the urine 
g = the last two figures in the specific gravity 
u — cc of or ne in 24 hours 

B Normal Value About 60 grams m 24 hours 
XVm Congo Red Test for Amyloidosis 
or Nephrosis 

A General Considerations 
1 Congo red normally disappears very slowly 
from the blood plasma. 


2 In amyloidosis it disappears more rapidly due 
to the affinity of amyloid substance for Congo 
red 

3 In nephrosis the dye is excreted m the unne 
more rapidly than normal, thus reducing the 
concentration in the plasma faster than normal 
but not as rapidly as in amy Ioidosis 

B Pounds Test 

1 Test must be conducted m the morning be- 
fore breakfast. 

2 Inject intravenously 1 cc of a stcnle 1 5% 
solution of Congo red per 15 pounds of body 
weight or 1 cc of a 1% solution per 10 
pounds of body weight. 

3 Tour minutes later withdraw 10 cc of blood 
from die opposite arm and place in a bottle 
containing 10 mg of lithium oxalate and shake 
Take precautions to prevent hemolysis 

4 One hour after the injection of the dve with 
draw another 10 cc of blood and place in a 
bottle containing oxalate 

5 After drawing the hour specimen of blood, 
collect a specimen of urine and note the color 

6 Centrifuge the bloods and remove the plasma 

7 Compare the 2 samples of plasma in a colonm 
ctcr using the 4 minute sample as the standard 

8 Set the standard at 10 mm and note the read 
ing of the I hour sample 

9 Calculation 

mm 4 m n sample . . 

nrnTl hr sample X dye remaining in plasma. 

100 — 7<> dye in plasma — % d> e disappeared. 

C Normal Value Less than 40% of the dye 
disappears in 1 hour 

D Pal/iolog/cal Findings 

1 If over 60% disippears amyloidosis is present. 

2 If 40 to 60% disappears, amyloidosis or 
nephrosis is present. 

3 In nephrosis more than a trace of dye is ex 
creted in the unne 

4 Small amounts of amyloid may not decrease 
the dye by 40 per cent m 1 hour, therefore, 
a normal result does not exclude the diagnosis. 

Analysis of Urinary Calculi v- 
L General Considerations 

A rectors Influencing the Formation of 
Calculi 

1 Alteration of protective colloids in the unne. 

2 Supersaturation of * crystalline” constituents 
due to change in pH or to concentration of 
the unne. 

3 Inflammation with clumps of bacteria, epl 
thehal, and pus cells forming a nucleus for a 
stone • 
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4 Stasis of unne over a prolonged period of 
time 

5 Deficiency of vitamin A. 

6 Excess of vitamin D 

7 Endocrine disorders, especially hyperpara 
thyroidism 

B Nature of Calculi 

2 They vary in size and shape according to 
their location 

2 They may be found in the renal pelvis, ureter, 
or bladder and are either passed in the unne 
or obtained by operation. 

3 The simple form is made up of a single con- 
stituent. 

4 The compound form contains two or more 
constituents which usually are arranged in 
concentric nngs about a central nucleus 

a This is the most common form 
b Each layer and the core should be anal) zed 
separately 

II. Description 

A Examine stone carefully and then split with 
a fine saw so as to reveal the different stmc 
tures within 

B Physical Characteristics 

1 Urtc Acid Stones 

a. They often occur as multiple, smooth, 
round pebbles, which are devoid of luster 
and vary m size from a few to 30 mm 
or more in diameter 

b Single stones frequently have a bumpy or 
eruptive type of surface, resembling mini 
ature volcanic craters 
c. Crushed stones are definitely yellow 

2 Phosphate and Carbonate Stones 

a. They occur as compact balls (often sev 
eral centimeters in diameter) or as large 
friable masses assuming the shape of the 
cavity where found 
b They resemble clay or chalk, 
c Rarely do triple phosphare stones assume 
porous, coral like formations, which sug 
gest calcium oxalate except for their white- 
ness 

3 Oxalate Stones 

a. They have a crystalline glint or smooth 
luster 

b Irregular, buff colored fragments may ex- 
hibit elaborate crystalline structures 
£ The dark brown type is very compact and 
may take a grapeseed or berry like form 
Crushing produces a light-colored powd*r 
d The stones may be covered with a fine 
coral like excrescence 

e Occasionally the whole structure is loose 
and porous. ? 


4 Cystine Stones 

a. They occur largely as pale yellow or white 
granules 

b They may resemble calcium oxalate m 
appearing to have a crystalline surface 
c. Dissolve a small portion of the powdered 
stone m a drop of ammonium hydroxide 
(28%) and examine under the microscope 
for typical crystals 

5 SulfoTumude Stones 

a. Sulfonamides may be deposited on the sur 
face of uric acid stones 

b They may be mingled with phosphates 
and carbonates in a putty like mass 

6 Rare Stones 

a Indigo calculi 

b Urosteabth calculi are light colored and 
fatty 

c Cholesterol calculi are similar to cystine 
stones 

d Fibnn calculi are dark colored 
III Analysis. 

A Follow Table 2 (See page 18 ) 

B Supplementary Tests . 

1 Murexide Test 

a. Add several drops of concentrated mtnc 
acid to*a portion of pulverized stone in 
an evaporating dish and carefully evapo- 
rate to dryness on a water bath, 
b Add 2 or 3 drops of concentrated am 
momum hydroxide and observl for the 
following 

1) Uric and — deep yellow to orange red 
or enmson becoming more purplish 
with ammonium hydroxide (bluish vio- 
let with sodium hydroxide) 

2) Xanthine — greenish yellow turning to 
orange with ammonium hydroxide be 
coming reddish on warming (deep or 
ange red with sodium hydroxide) 

3) Protein — pale yellow turning orange. 

4) Sulfonamides — yellow turning to ma 
hogany brown. 

2 Ashing Process 

a. It is desirable to do this before testing for 
phosphates as given in Table 2 
b Place a portion of the pulverized stone in 
a porcelain crucible and ash 
c. Cystine gives off a penetrating odor fol 
lowing the first carl of smoke and dimm 
ishes in intensity with increased heat, 
d Cystine and urate stones blacken rapidly 
the former burning * clean” and the latter 
with advancing greasy brown nngs up the 
wall of the crucible, both leave the crua 
ble empty- 
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Table 2. Analysis of Urinary Calculi (Winer, J. H. and Matticc, M. R.) 


Chemical Group 

Reagents Added 

Results 

1 Urates and tine acid. 

Pulverized stone 

1 drop 20% KaiCOi. 1 

2 drops uric acid reagent. j 

Prompt deep blue color (pafe blue is 
negative). 

2. Phosphates* 

Pulverized stone. 

4-5 drops ammonium molybdate solution 
(need excess of reagent) 

Warm over (lame to get distinct yellow 
precipitate, (NHi)it‘OW2MoO». 

3 Oxalates 

Pulvenzed stone. 

2-3 drops 10% IJCI— if no effervescence, 
cool and add pinch of MnOi. Do not mix. 

Tiny bubbles of gas "explosively" released 
from bottom 

4 Carbonates 

Relatuely large sample of pulverized 
Stone 

840 drops 10% HQ. 

Foaming effervescence 


Tabe up acid extract from 4 in aspirating; pipette, the tip oi which is lightly plugged with cotton Remove 
cotton by Btizmg projecting wisp and divide “filtrate" into three aliquots for 5, 6, and 7 


5. Calcium* 


6 Magnesium 


Acid extract 
24 drops 20% NaOH 


Fine white precipitate or film from oxa- 
late stones, dense precipitate from phos- 
phate stones 


Acid extract 

24 drops ot 20% NaOH 

2-3 drops reagent "M." 


Reddish-purple reagent slowly becomes 
definitely blue (precipitate forms). 


7. NH, Group . 


Acid extract. 

24 drops 20% NaOH. 

24 drops Kessler's solution. . 

Alternatnv puhented stone and 24 
drops of Kessler’s solution. 


YtUmnth orange precipitate. 


8 Sulfonamides 


Pulverized stone 

2 drops 10% HCl (wait 30 seconds) 
2 drops NaNOt(wait30 60 seconds) 
2 drops 0 5% ammonium sulfamate. 
24 drops reagent “S " 


Brownish pink to magenta 


Cystine f 


Pulverized stone 

1 drop NH.OH, 1 dropNaCN (wait 
minutes) 

24 drops sodium nitroprusside 


Bed-red color, on standing may lade to 
orange red. 


•Use a microscope slide for these tests, spot plate for the others 
regular chemist’s spot plate 


The artist’s type is more satisfactory than the 


e. The residue from phosphate and oxalate 
stones is of about the same bulk as the 
original sample. 

f. Phosphate ash is rarely white, while oxa- 
late ash is more nearly white and effer- 
vesces if add ts added as it is converted 
to carbonate by heating. 

g. Sulfonamides melt and form a black tarry 
mass which is resistant to ashing. 

C. Identification of Bare Stones. 

1. Place about 10 mg. of the powdered stone 
in a test tube and add 10 cc. of chloroform. 

2. Stopper and shake. 

3. Let stand until the insoluble material settles 
out, then decant the chloroform, saving both 
it and the residue. 

4. A blue color in the chloroform indicates in- 
digo 


5. Allow a few drops of the chloroform to evap- 
orate on a fat-free glass slide and add a drop 
of Sudan III to the residue. Look for red fat 
droplets with the low power of a microscope; 
if present, they indicate urostealith. 

6. To about 5 cc. of the chloroform, add 5 cc. 
of acetic anhydride and 0 5 cc. concentrated 
sulfuric acid. A green color indicates choles- 
terol. 

7. Add 2 cc. of Millon’s reagent to the residue 
and_ heat. A red precipitate is positive for 
fibrin. 

IV. Reagents (may be kept in 
dropper-type bottles). 

A. Ujed for Tetla In Table 2. 

1. Sodttmt Carbonate — a 20% solution. 

2. Uric Acid Reagent — same as for blood uric 
add determination (p. 284). 



URINALYSIS 


19 


3 Ammonium Molybdate — dissolve 3 5 gm. of 
ammonium molybdate in 75 cc of water and 
pour mto 25 cc of concentrated nitric acid 

4 Hydrochloric Acid — a 10% solution 

5 Manganese Dioxide — MnOj 

6 Sodium Hydroxide — a 20 or 25% solution 

7 Reagent “df — dissolve I mg of p mtro- 
benzeneazoresorcmol in 100 cc of normal 
sodium hydroxide 

8 Nesslefs Solution — same as used in blood 
analysis (p 274) 

9 Sodium Nitrite 

a A 0 1% solution keeps 2 weeks 
b Same as used m blood analysis 

10 Atmnomutn Sulf ornate — a 0 5% solution. 

11 Reagent S' 

a Dissolve 100 mg of N (I naphthyl) eth- 
ylenediamme dihydrochlonde in 100 cc 
of water 

b Store in an amber bottle 
c Same as used in blood sulfonamide de 
termination 

12 Concentrated Ammonium Hydroxide — a 
28% solution 

13 Sodium Cyanide— prepare a 5% solaaon ana 
presene with 1 cc of 28% concentrated 
ammonium hydroxide per 500 cc. of solution 

14 Sodium Nttropnmtde (mtroferncyamde ) — 
a 5% solution kept in a brown glass bottle 
and discarded when it shows signs of fading 

D Used in Supplementary Tests and in Jdcn 
tificalion of Rare Stones 

1 Concentrated Nitric Acid 

2 Chloroform 

3 Sudan ///'—a saturated solution in 70% afct>- 
hol 

4 Acetic Anhydride 

5 Concentrated Sulfunc Acid 

6 Mtllons Reagent — digest 1 part (by weight) 
of mercury with 2 parrs (by weight) of nitnc 
acid (sp gr 1 42) and dilute the resulting 
solution with 2 volumes of water 



Sediment 


The microscopic examination of unne is of 
great importance and should never be omitted 
When there is albumin one should look very 
carefully for pus blood and casts. Examinations 
should be made on fresh specimens as casts and 
erythrocytes disappear on standing To keep for 
any length of time add 1 drop of formalin to 
each ounce of unne 


L Preparation and Examination of 
Sediment. 

A. Normal urine as a rule contains very little 


B 

2 

3 

4 

5 

6 

7 


a 

1 

2 


3 

4 

5 


D 

1 


2 


sediment. There may be an occasional leuko 
cyte, few epithelial cells mucus bacteria, and 
amorphous or crystalline forms of normal 
solids such as amorphous urates and phos- 
phates, unc acid crystals calcium oxalate, and 
triple phosphate crystals 
Centrifugation of Urine 
Agitate the unne to stir up any sediment th3t 
may have settled to the bottom. 

Alkaline specimens cloudy with phosphates 
may be slightly acidified with dilute acetic 
acid to redissolve the phosphates 
Highly acid specimens cloudy with urates 
may be slightly warmed to redissolve the 
urates 

Place 10 cc. of unne in a conical tipped 
centnfuge tube and centnfuge for 5 minutes 
at a low rate of speed (1500 rpm) 

Pour all of the unne out of the tube 
Place the tube in an upnght position so the 
fluid remaining on the sides flows to the bot 
tom to dilute the sediment. 

Shake the sediment, place a drop on a glass 
slide and cover with a cover glass (If a case 
is to be followed from day to da), use the 
same capillary pipette to place the sediment 
on the slide each day ) 

Examine under the microscope with the low 
and high power objectives 

Examination of Sediment 
Darken the field of the microscope by almost 
completely closing the diaphragm just be 
neatn the stage 

A well darkened field is absolutely necessary 
if hyaline casts are to be found because they 
are clear colorless and have a low refrac 
tivity 

Fust examine with the low power, then with 
the high power 

Record findings according to Table l on 
page 3 

Errors to be avoided 
a Careless transfer of sediment, 
b Use of too much light m the microscopic 
examination 

c Use of high power only 
d Drying of sediment, 
e Dirty equipment 

f Scratches on the cover glass or sbde 


Addis Sediment Count 
Instruct the patient to take breakfast as 
usual including fluids but must abstain from 
all fluids (not food) until the unne has been 
collected the next morning^ 

The patient empties the bladder completely* 
at 7 P-M and discards ,the unne I 
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3 Save all unne unul 7 AJM the next mom' 
jng and place in a clean receptacle contain' 
mg 0 5 cc. of formalin The bladder must 
be completely emptied at 7 A.M and the 
specimen added to that in the receptacle 

4 In women the specimens must be collected 
by catheter 

5 Unless the pH of the urine is 6 or less, it U 
not satisfactory for this count because prob' 
ably some casts may have been dissolved 

6 If untes are present, dissolve by immersing 
container in w arm water 

7 Mix the specimens well by repeated inver* 
sion and measure the total amount accurate' 
ly within 2 cc. 

8 Transfer 10 cc. to a graduated centrifuge 
tube with a narrow dp and centrifuge 5 mm' 
utes at 1800 revolutions per minute 

9 Remove 9 cc of the supernatant fluid and 
thoroughly mix the sediment in the remain- 
ing l cc. volume with a capillary pipette If 
the sediment is heav) , a greater dilution may 
be made 

10 Transfer a drop of this sediment to a blood 
counting chamber with a Icuhocj tc pipette 
in the same manner as though doing 3 
leukocyte count. 

11 The number and differential cast count is 
made under low power in all nine large 
squares (0 0009 cc. of unne) 

12 The erythrocytes and leukocytes arc counted 
in the same area under high power 

13 Repeat procedure 2 to 10 omes and average 
the cells and casts counted 

14 Calculation 


V=volume of mine in cc. for 12 hrs 
10= number of cc of unne centrifuged 
»=volume in cc. of mixed sediment (1 cc ) 
v= volume in cc in which count was m»de 
(0 0009 cc.) 

n= comber of cell* or cuts counted 
N=nomber of ceil* or cart* in 12 hoar sample. 


15 See Table 3 for normal values and findings 
m diffuse glomerulonephritis. 



II. Unorganized Sediment, 

A. Amorphous Material, 

1 Acid Urine. 

a Amorphous urates of sodium, po- 

tassiutn, sometimes magnesium and ? ^ 
calcium appear 3S granules, usually bnck > 
red in color 

b They are dissolved by heat and by sodium 
hydroxide, but not by acetic acid 
c They have no clinical significance 

2 Alkaline Urine 

a Amorphous phospates of calcium (md mag- 
nesium resemble amorphous urates but are 
colorless 

b They are dissolved in aceac arid on* lot 
by heat 

c They are not important. 

B. Crystals In Normal Urine. 

1 Acid Reaction 
a Unc acid — usually ye* 

lowish - brown, rhombic 
plates or rosettes, they 
may be colorless They 
are not dissolved by heat, 
acetic acid, or hydro- 
chloric acid and are sol- 
uble when heated with 
sodium hydroxide They 1 
significance except when they occur in 
fresh unne. With other symptoms they 
may serve as a warning of the possible 
danger of calculus formation, 
b Sodium urate — colorless 
or yellowish slender 
prisms arranged In fan- or 
sheaf-like structures, 
c Calcium sulfate — - long, 
colorless needles or elon- 
gated prismatic tablets 
Very rare and have no 
significance. 

2 Acid, sometimes neutral or slightly elkaltne 
reaction 





a Calcium oxalate — colorless, A 
mostly “envelope” or dumb- /A t 
bell shaped, soluble in hy Wy WT 
drochlonc acid, insoluble m ft \ 
acetic acid They are de- V 
nved from various foods, 
notably spinach, rhubarb, \V 
___ and some berries. They sug- ^ 
gest the possibility of a calculus 
b Hippunc acid — colorless 
prisms or plates which may 
be so thin as to resemble 
needles, often conglomerated ^ 
into masses Soluble in acetic acid. 
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3 Alkaline , sometimes neutral or slightly acid 
reaction 

a. Ammontum-magnestxtm phosphate 
(triple phosphate) — colorless and 
their usual form is some modifi 
canon of the prism, with oblique 
ends, and occasionally take feath 
cry or leaf like forms Afosr typi- 
cal are the ‘ coffin lid ’ forms. In 
freshlj passed urine they suggest 
stasis of unne m the kidney or 
bladder They may also form 
calculi 

b Dicalcwm phosphate — cob 
orless prisms arranged in 
stars and rosettes The in 
dividual pnsms are usuallv 
slender, with one beveled, 
wedge bke end, but are 
sometimes needle-hke They are soluble in 
acetic acid 



4 Alkaline Reaction. 

a Calcium carbonate — colorless Mf+c 
granules slightly larger than amor- ***'* 
phous phosphates appearing singly or m 
masses and often appearing in dumb-bell 
forms They dissolve in acetic acid with 
the evolution of gas 
b Ammonium biurate — yellow 
spherical bodies, usually with 
radial and concentric stria 
Uons and bearing long pns 
mane spicules They occur 
during ammoniacal fermen- 
tation and are only abnormal in freshly 
passed urine 

c Calcium phosphate — often 
forms large thin, irregular, 
usually granular, colorless 
plates. Small plates might be 
mistaken for squamous epi- 
thelial cells Sometimes called magnesium 
phosphate 

l- Crystal* Found in Acid Urine Indicating 
Abnormal Metabolism 




i/f 




Cystine — colorless, highly refractive, 
rather thick, hexagonal plates or quad 
nlateral prisms. They are soluble in 
hydrochloric acid but insoluble m 
acetic acid The continued presence 
of these crystals in the unne is fre- 
quently associated with the presence 
of cystine calculi. 

Cholesterol — large flat plates with one 
or more comers cut off They ma) 
occur m nephritic conditions and lip 
old nephrosis 



V 


IX 


3 Leucine — highly refractive, yellow or 

brown spheres resembling fat glob xly 
ales, with delicate radiating and concenmc 
stnations They are insoluble in ether ox 
hydrochlonc acid 
4 ^ *Tyrosme — colorless, fine nee 
dies, grouped in clusters oi 
sheaves, crossmg at various an ^ 
gles Ousters may appear blarV. 
m the center Soluble in am- 
monium hydroxide and hydro- 
chlonc aad, but not in acetic acid Leucine 
and tyrosine occur together in acute yellow 
atrophy and m other destructive diseases of 
the liver 

S Bilirubin and Hematoidin — y el 
low or ruby red rhombic plates, Ah' 
needles, or granules. They are > 
of little importance 
O Sulfonamide Crystals Found in Acid Unne 


W 


1 May cause kidney damage by blocking the 
tubules 

2 Lignin Test for Sulfonamides 

a Principle Color development is due to the 
reaction of the arylamine group in the 
sulfonamide on crude cellulose (news 
paper, paper towel, matchsticks pine 
shavings) in the presence of acids 
b To be used when in doubt whether crystals 
belong to the sulfonamide group or if 
there is a question whether the patient has 
received sulfonamide therapy The test is 
positive 1 hour after the ingestion of a 
sulfonamide and remains positive up to 60 
hours after the last dose, 
c. Place 1 or 2 drops of unne on a blank 
stop of newspaper or a paper towel 
d Add a small drop of 25% hydrochlonc 
acid in the center of the moistened area 
e The immediate appearance of a yellow to 
orange color indicates the presence of a 
sulfonamide compound 


+ = yellow (roughly 0 10 mg ) 

+ + — yellow ro ora ege ( 10-30 mg ) 

+ + += orange (30-60 mg) 
f Paper of bond quality or filter paper can- 
not be used 

3 Sulfanilamide crystals rarely appear in the 
unne They are large colorless needles, fre 
quently gathered together in sheaves or ro- 
settes 
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4. Sulfapyridine crystals arc shaped like color- 
less arrowheads or whetstones, or they occur 
as brownish needles in large conglomerate 
masses or rosettes. 



5. Sulfathiazole crystals appear as brownish 
shocks of wheat with central binding or as 
rosettes with radial strianons, or they appear 
as colorless diamond and hexagonal snaped 
plates winch arc sometimes grouped in ro- 
settes resembling uric acid crystals. 



6, Sulfadiazine crystals are colorless to greenish 
brown, appear as shocks of wheat with ec- 
centric binding and rosettes with radial stri- 
ations, sometimes covered with needle-like 
processes (chestnut burr forms). 


7. Stdfaguamdine crystals appear as colorless 
needles grouped as shocks of wheat with ec- 
centric binding or rectangular plates with 
slight bulgmg in the long axis. 

0 

8. Sulfamethylthiazole crystals are colorless to 
greenish brown, appear as needles clumped 
m the shape of a fan. 


9. Succinylsulfath'tazole is absorbed very slightly 
and is very soluble so that crystals do not 
usually appear in the urine. 








E. Fat appears as highly refractive globules of 
various sizes, which stain orange or red with 
Sudan IIL 


HI. Organized Dements. 

A* Epithelial Cells. 

1. Small round epithelial cells (re- 
nal cells) arc mononuclear and 
slightly larger than leukocytes. 

They may come from the deep- 
er layers of the lining of the 
urinary’ tract. If. they. arc-found 
on casts, their source is probably the urinif- 
efoiBlgflmkS . hut i L iucy-arcJt ccom^ nied 
onlvb y pus.a p d hut little albumin and es pe- 
ci auytf they adhere in shinglc-lilce mass es, 
they ate ptobahl y ito.ra .t he, pelvis of the kid- 
ney or fro m the bladder. 

^^ThCJ^arc abundant in glomerulonephritis, 
especially the acute form. They are nearly 
always fatty’, most markedly in the chrome 
type. 

b. In nephrosis they may contain highly re- 
fractive lipoid granules. 

c. In hemolytic anemias and hemochroma- 
tosis, they may contain hemosiderin gran- 
ules which can be stained by r the Prussian 
blue reaction. 

1) Add a few drops of fresh reagent 
(equal parts of 2% potassium ferro- 
cyanide and 1% HQ) to the sediment 
in the centrifuge tube. 

2) Let stand 10 minutes, recentrifuge, and 
examine the cells in the sediment. 



2. Caudate and cylindrical cells are 
2 to 4 times the size of a pus 
cell and have sarious forms 
They are for the most part de- 
rived from the transitional epi- 
thelium which lines the bladder, ureters, and 
pelves of the kidneys. 

3. Squamous cells are large flat 

cells of the bladder or the su- 7 

perficia! layers of the urctlira / 

or vagina. They art normally s ; — ^ 
present in large numbers in the urine of 
women. 



B. Leukocytes (Pus Cells). 

1. Under the microscope they 

have the same appearance as in f) xLpi) 
a blood leukocyte count. To 
distinguish from erythrocytes 
add one drop of 10% acetic acid. /o°) 

The nuclei of pus cells become Nw/ vS' 
more distinct and erythrocytes dissolve. 

2. In a strongly acid urine they are likely’ to be 
shrunken. 



URINALYSIS 


23 


3 In alkaline unne they are swollen and have a 

tendency to form clumps. 2 

4 Pus is an exudate containing cells and proteins 
Therefore, urine containing large numbers of 
pus cells will give a positive test for albumin 
after the removal of the cells by centnfuga- 3 
non or filtration The presence of 80,000 to 
100,000 pus cells per c mm. increases the 
albumin content by 01 gram per 100 cc of 
urine 

5 If found in unne from a female, contamina- 4 
non from the genital tract should be ruled 
out by examining a cathctenzed specimen 

6 In males the collection of the first half of the 
urine m one glass and the remainder m another 
will differentiate pus from the urethra from 5 

E us coming from the bladder or pelvis of the 
idney 

a If the unne in the first glass alone is turbid, 
it indicates urethral pus 
b If the unne in both glasses is turbid, the 
pus is from the bladder or kidney 
c The presence of pus cells attached to mi jy 
croscopic shreds of mucus suggests a 
chronic prostatitis and postenor urethntis, 1 
which may, but need not, be gonorrheal 
7 It is impossible to differentiate between cys- 
titis and pyelitis by examination of unne from 
the bladder 

8 A renal origin can be concluded only when 
the pus cells are attached to casts 
9 Counting Leukocytes tn Urine 

a Shake the unne well and with a blood 
counting pipette (leukocyte) place a drop ^ 
on the blood counting chamber 
b Count the Jeukocyres in the four large - 
comer squares as though making a blood 
(leukocyte) count. 

c Divide the sum by 4 and multiply by 10 
to obtain the number in a c mm 
d If there are too many to count, the unne 
may be diluted m the same manner as blood 
when making a leukocyte count. 


C. Erythrocytes 

1 They vary greatly in appear 

ance according to the phj sical j 

and chemical properties of th“ 

unne and the age of the sp-o- / 


a. In concentrated unne they 

are likely to be crenared/ ** 

b. In dilute unne they are swollen and a]>. 

/ near as faint colorless rings 1 

• « alkaline unne they may be very small 

1 * ea ’entirely destroyed, forming masses 


brownish granules 

If in doubt w hether erythrocytes are present, 
add a drop of 10% acetic acid which dis- 
solves the erythrocytes, or do a benzidine test 
on the sediment left 10 the centnfuge tube 
An occasional erythroc) tc per low power 
field may be observed m normal unne How 
ever, in the female the uterus and vagina must 
be eliminated as a source (examine a catheter- 
ized specimen) 

Unne containing large numbers of erythro- 
cytes also contains blood serum which will 
give a positive albumin test after removal of 
the erythrocytes by centnfugation or filtra 
non 

Hematuna is found m severe hyperemia of the 
kidneys, in acute and chronic glomerulone- 
phntis, renal tuberculosis malignant disease 
of the unnary tract, hemorrhagic diseases 
renal calculus and schistosomiasis 


Casts from the Renal Tubules. 

Casts are formed by coagulation of albumin 
ous material m the lumen of the tubules of 
the kidneys. They appear as a hyaline or 
waxy substance, occurnng m cylinders with 
rounded or broken ends varying a great deal 
in length and thickness, but the diameter 
is usually uniform m each cast throughout 
the length They often contain renal cells 
cry throcytes, or leukocytes. They dissolve 
in alkaline unne 

Casts can be seen only with a well darkened 
microscopic field 
Kinds of Casts 

a. Hyaline casts are colorless 
homogeneous ' senutranspar 
ent, cylindncal structures 
with parallel sides and usual 
ly rounded ends They indi 
cate the mik^st renal dam- * 
age, a few being found after exeroon and 
after palpation of the kidney 
b Granular casts are hj aline casts containing 
granules which come chiefly from the dis 
integration of epithelial cells of the tubules 
!) Finely granular casts con 
tain many fineT granules 
and are grayish or pale 
yellow They are the least 
significant of rhe gran 
ular type \nd may be 
found ’virh hyaline casts 
wh».n the epithelium is only shghtlv 
'‘and perhaps not seriously affected- 
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2) Coarsely granular casts 
contain larger granules 
and are darker in color, 
often being dark brown 
owing to tne presence of 
altered blood p gment. 

They are usually shorter 
and more irregular m outline frc 
quently having irregularly broken ends 
When present in considerable rumbers 
they point to serious glomerulonephn 
tis The dark'fci/own type is most com- 
mon in acute jiephntis Clumps of 
amorphous urates in the form or casts 
but not having definite outlines should 
not be mistaken for granular casts 
c Waxy casts are grayish or 
colorless highly refractive, 
broader than hyaline casts 
appear much more solid and 
are usually found broken off 
with square ends as if they were brittle 
They are found in,advance^nephrms but 
mostly in amylsurosis 

d Fibrinous casts resemble w’axy casts, but 
are yellow or brown 
e Epithelial casts are true hya 
line casts which contain 
many renal epithehal cells 
They indicate an acuve 
acute nephritis 

f Blood casts contain large 
numbers of red blood cells 
They indicate an active acute 
nephritis 

g Pus casts contain pus cells 
They indicate an active 
nephritis 

h. Fatty casts contain numer 
ous globules of fat or the 
fat may be in very fine refractive gran 
ules They point to a serious glomerulo- 
nephritis 

E Mucous Threads and Cyllndroids 

1 Mucous threads arc long narrow wavy shreds 
from mucous surfaces Normal m small num 
bers greatly increased with irritation of any 
kind 

2 Cyltndroids resemble hyaline 
casts but one end tapers off to 
a fine filament. These are easily 
confused with mucous threads 
When defin tely co, sisting of y 
hyal ne material they have the same sigmfi 
cance as hyaline casts / 

F Diatoms — f 

I They are unicellular microscopic algae from 
tap water 


They have no significance 





Bacteria. 

Under normal conditions unne is free froiri 
bacteria in the bladder, but becomes contami 
nated in passing through the urethra Bacteria 
if present in large numbers may give a faint 
test for albumin 

Various nonpathogemc bacteria , notably Ml 
crococcus ureae are present in old or decom- 
posing unne. They are easily seen with the 
low power objective of the microscope, but 
are not important. They produce a cloudi 
ness which will not clear upon filtration 
through paper 
Tubercle Bacilli in Urine 
a See the Section on Bacteriology (p 178) 
when cultures and animal inoculations are 
to be made 

b Obtain a sterile specimen (first voided in 
morning) in case cultures or animal in 
oculaoons are wanted later (Do not re- 
strict fluids ) 

c. When the specimen is more than 100 cc* 
proceed as follows 

1) Centrifuge in 2 or 4 sterile 50 cc cen 
trifugc tubes at a high rate of speed foi 
45 minutes 

2) Remove the upper 1 cc layer with 4 

sterile pipette decant the remainder of 
the supernatant fluid and 3dd the urintf 
v&. tfcs. thft. 

3) Add more unne to the same tubes and 
centnfuge again repeating this process 
until the entire specimen is centrifuged- 

4) Concentrate by washing the sediment 
in the tubes into one and centnfugmg 

d When the specimen is less than 100 cc. and 
concentrated dilute with stenle d stilled 
water until pale straw m color and thed 
centrifuge as above 

e When cultures or animal inoculations ar^ 
not to be made d lute 2 parts of unn* 
with 1 part of 95% alcohol instead of dis' 
tilled water and centnfuge at a high rat^ 
of speed for 45 minutes. Decant super 
natant fluid 

f Make smears of the sediment and dry id 
the incubator for 3 hours or overnight a f 
room temperature flame before staining 
g Add carbol fuchsm solution and 
5 minutes. "" ' 
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h Let stain cool on slide and then wash off 
and decolorize with acid alcohol (5% 
mmc acid in 95% alcohol) for 5 minutes 
or until only a faint pink remains 
l. Wash in water and counterstain with 
Loefflers methylene blue solution for a 
few seconds 

j Rinse in water, dry, and examine 

4 Gonococci m Urtne 

a Occasionally found m pus cells m the sedi- 
ment when stained by Grams method 
b More commonly found in stained smears 
of gonorrheal threads or ' floaters 

5 Yeast may be found in acid unne, especially 
in urine containing sugar 

6 Unne Cultures — see Section on Bacteriology 
(p 178) 

H Parasites 

1 The most common parasite is Trichomonas 
vagmahs from the vagina or Trichomonas ho 
minis from the rectum See Fig 17, page 143 
a They are pear shaped cells with an undu 

lating membrane and are very motile 
b They range in length from 10 to 25 tin 
crons and in breadth from 5 to 15 microns 
c. On the blunt anterior end there js a clns 
ter of three or four flagella of equal length 
and on the posterior end one flagellum 
d T hornims has a sharply pointed caudal 
process which is not as long as the posterior 
flagellum 

2 Schistosoma baemato burnt 

a The ova are found in the urine which 
must be examined immediately after being 
voided because they develop rapidly into 
larvae 

b The ova are more numerous in the bloody 
portion of the urine collected separately at 
the end of unnation 

c. They are 120 to 190 microns long and 50 
to 73 microns broad yellowish in color 
and slightly transparent They have a 
thorn like spine at one end See Fig 
page 138 

J Hooklets and scohces of Echinococcus granU 
losus are occasionally found See Fig 15 page 
132 


A 


B 

1 


t Renal Function Testa 
M Phenolsulfonephthalein Test 


Principle This is a test primarily for tubular 
function one third of the dye is filtered 
through the glomerulus and rwo thirds is 
excreted by the tubules / 


General Considerations 


In normal individuals the quantity of dye ex- 
creted is independent of unne volume, but 


with severe renal impairment the output of 
dye vanes directly with the unne volume 
and can be increased by the liberal use of 
water 

2 Test should not be given when cyanosis is 
present or after magnesi um julfate or sodium 
bicarbonate has been taken 

3 Acidosis decreases the excretion of dye. 

4 Alkalosis increases the excretion of dye, also 
hyperthyroidism, because it increases blood 
flow through the kidneys 

5 A total excretion of more than 80 per cent 
suggests impaired hver function since nor 
maliy the liver excretes part of the dye into 
the bile 

C. Procedure 

1 Padenr may hai e a light breakfast and 1 glass 
of water to dnnk, but no coffee or tea 

2 Inject exactly 1 cc of stenle phenolsulfone- 
phthalem solution (6 mg ) intravenously and 
then give the patient I glass of water to dnnk. 

3 Collect the unne at the end of 15 minutes 
and give the patient another glass of water 

4 Collect unne specimens at 1 hour and 2 hours 
after the injection of dye 

5 It should be ascertained that the patient has 
not voided for at least 1 hour before the m 
jcction of the dye 

6 The dye may be given intramuscularly and 
the unne collected 1 hour and 10 minutes 
and 2 hours and 10 minutes after the injection 
(One glass of water should be given at the 
time of the injection and another after the 
collection of the first unne specimen ) 

D Estimation of Output 

1 Measure quantity of specimen m a liter 
graduate, it must be 40 cc or over to give 
dependable results Record volume of each 
specimen in report 

2 Dilute to 200 cc with tap water, rinsing 
our the vessel containing the unne 

3 Render alkaline by adding sufficient 10% 
sodium hydroxide (about 10 cc.) to bring 
out maximal purple red color and then 
dilute with tap water to 1 liter or less if 
the color is slight 

4 Add 1 or 2 more drops of sodium hydroxide 
which will show whether the maximal color 
has been produced 

5 Mix well by placing hand over the top of 
the graduate and turning it upside down 3 or 
4 times 

6 Wash and fill the open ampule of the Dun 
nmg colonmeter with the diluted urine Fd 
ter the unne if it is cloudy 

7 Compare the color with the test ampules 

8 The per cent of dye excreted is the irom 
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ber on the ampule that matches the color 
of the diluted unne If the dilution was 
less than 1 liter, divide the per cent on the 
ampule according to the dilution. That is, 
tf 500 cc divide by 2, if 250 cc divide by 4 

9 After the sodium hydroxide is added, the 
estimation of dye must be made at once 
because an excess of alkali causes rapid de- 
struction of the dye 

10 If bile is present, add to the unne in a gradu- 
ate an equal amount of a saturated solution 
of banum hydroxide plus an extra 50 cc, 
then dilute to volume, shake, and filter 

11 If a Dunning colorimeter is not available, 
a Duboscq colorimeter or photoelectric col- 
orimeter may be used 

12 Duboscq Colorimeter 

a. Make a standard by placing exactly 0 5 
cc. of the dye solution in a liter vol- 
umetric flask, add 10 cc of 10% sodium 
hydroxide, and dilute to volume with 
distilled water (3 mg of dye in 1 liter) 
b The alkalimzed unne should be diluted 
so that the color approximates that of 
the standard 

c Filter the diluted unne and compare with 
the standard set at 20 

d Calculate the per cent of dye excreted 
with the following formula and correct 
for dilution if the unne was not diluted 
to 1 liter 

RU_J0 _ 50 RS 

RS ~x or * ~ RU 
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Vkoioelectric Colorimeter 
a The per cent of dje excretion can be 
obtained by reading the diluted unne 
(filtered) after setting the galvanometer 
at 100 with a blank of tap water and 
using filter No 540 
b Calibration of standard curve 

1) Make a stock dve solution b} placing 
exactly 1 cc of d) e solution in a 100 
cc volumetric flask, add 10 cc. of 
10% NaOH, and make up to volume 
with distilled water 


2) Make the following dilute solutions 
from the stock, solution, they repre- 
sent the per cent of dye excreted m 
the unne. 

Represents 

Stock Distilled per cent dye 

solution water to excreted 


dec. 100 cc 60 

5 cc. 100 cc. 50 

4ec lOOcc. 40 

1 cc. lOOcc. 30 

2ce. lOOcc. 20 

Ice. 100 cc. 10 


3) Obtain the galvanometer reading for 
each dilution after setting the galva- 
nometer at 100 using distilled water 
as a blank 

4) Repeat several times using the same 
dilute solutions and then repeat using 
several new stock dye solutions 

5) Average the galvanometer readings 
for each dilution and plot on semi 
logarithmic graph paper 

6) Make a table ot values according to 
the per cent of dy c excreted 

E. Normal Values. 

1 After Intravenous Injection 
Appearance in unne 3-5 minutes 
After 15 minutes 25 to 30% 

After I hour 45 to 60% 

After 2 hours 60 to 75% 

2 A fter Intramuscular Injection 
Appearance in urine 5-11 minutes 
After 70 minutes 40 to 60% 

After 2 hours and 10 minutes 60 to 75% 

F. Pathological Findings. 

1 In chronic nephritis the retention of dye para) 
lets the impairment of renal function and 
nitrogen retention m the blood 

a The first sign of impairment is a decrease 
in the amount of d>e excreted at 15 min 
utes, even though the total excretion is 
normal 

b Elimination of 30 to 45% at the end of 
the first hour shows slight impairment; 
10 to 30% moderate impairment, and 0- 
10% severe impairment of renal function, 
c Nitrogen retention in the blood begins 
when the dye excretion is less than 40% 
in 2 hours, and the excretion of d>e prac- 
Dcally stops when the nonprotein nitro- 
gen reaches 100 mg per cent. 

2 The test may be misleading m acute nephritis 
as a normal or even increased excretion m3) 
be obtained, especially in acute glomerulo- 
nephritis, or an extremely low excretion, re- 
duced almost to zero, may be followed b) 
complete recovery 

3 In malignant hypertension the rate is dunin 
ished as well as the total output m 2 hours* 

4 In benign hypertension, hyperthyroidism, and 
„ angioneurotic edema the amount of dye ct 

crctcd in IS minutes is greater than normal* 
while the amount of dye excreted in 2 hours 
may be normal or slightly more than normal* 

5 In chrome passive congestion the excretion 
of d^e is decreased without an increase in 
blood nitrogen. Also low values are found 
in prostatic hypertrophy with hydronephrosis 
ana in cystitis with retention of urine. 
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W Concent ration mu3 "Water 
v/ Excretion Test, “ 

A. Principle: The kidney supplies one mecha- 
nism for regulating water balance. When there 
is a large intake of flu id, theJddneys excrete 
a larg e volume of very dil ute urine! and thus 
rid the body of th e j^cess. water. When the 
fluicTiritakeJs small, the tubules absorb more 
water from the gl ome rular f iltrate and "die 
kidney s excrete a small amou nt _pf concen- 
trated urine w ith a high specific gravity. Af- 
ter a s ufficient ~n\imbcrj)fl glbmeruin}xvc been 
destroyed t o reduce die to tal functioning of 
theTidney tissue" bc lowTTvcT actor of safety, 
each*~fg fflaimng active glomerulas produces 
more filtr ate becau se ._qf_ a compens atory by- 
perterisibm^This f iltrate passes thro ugh the 
tubu IesHmore rapidly t han'nojrimP and thus 
less fhii d is reabsorbecLso Jt becomes impos- 
siblef orthe kidne ys tc^excrete a urine of high 
specific gravity. As it is necessary forjill the 
resid ual fun ctioning glomeruli to wqrk at full 
capacity for ' XTTfours, the day and night 
specimens are nearly equal in volume and 
have at firsfsf fixed specific, gravity around 
1 .01 7. As The d isease*. progresses the fixed 
speafuTgrayity gra dually becomes lower until 
it reaches 1 0 07, the specific grarity of pro- 
tein-free blood plasma. 

B. Instructions to Patient. * 

1. No extra fluids with evening meal (only one 
lass of water). This_mcal “should have a 
igh protein content^ 

2. No food or fluids after this time and} ar- 
rival at the laboratory for the test. 

3. Save first urine specimen after rising and bring 
it to the laboratory. 

C. At the Laboratory. 

1. Measure volume and take the specific gravity 
of the first morning specimen. 

2. If the specific gravity is 1.022 or over, pro- 
ceed as follows: 

a. Have patient void and discard specimen. 

b. Give patient 1500 cc. of water to drink 
during the next 30 minutes. 

c. Collect specimens of urine I, 2, 3, and 4 
hours from the rime the patient started to 
drink the water. 

d. Measure the volume and take the specific 
gravity of each specimen. 

3. If the specific gravity of the first morning 
specimen is less than 1.022, proceed as fol- 
lows: 

a. Have patient void and take specific gravity, 
if 1.022 or over proceed as directed un- 
der 2. 


b. If below 1.022, collect another specimen 
after one hour and take the specific grav- 

c. T^ien give 1500 cc. of water to drink and 
collect hourly specimens for 4 hours. 

d. Measure and take specific gravity of each 
specimen. 

D. IVormal Valueg. 

1. First morning specimen should be concen- 
trated to the specific gravity of 1.022 or over. 

2. First hour specimen after water should have 
a specific gravity of 1.001 to 1.003 and a vol- 
ume of about 400 cc. 

3. Each hour thereafter the volume is less with 
increasing specific gravity. 

4. At the fourth hour the specific gravity should 
be between 1.012 and 1.016 with a volume 
of about 100 cc. 

5. The total volume of the urine should be 80 
to 120% of the intake of water (about 1200 
cc.). 

E. Pathological Findings. 

1. The first evidence of kidney damage is an 
inability of the kidney to excrete unne of a 
specific gravity of 1.022 or higher. 

2. Later the kidney is not able to excrete a urine 
of low specific gravity (1.003) after drinking 
water. 

3. As the disease progresses the specific gravity 
of the first specimen after rising approximates 
that of the first specimen after drinking water. 

4. The specific gravity of the concentrated spec- 
imen reaches 1.020 before phenolsulfonepb- 
thaiein excredon is decreased; and as low as 
1.010 before the blood nonprotein nitrogen is 
elevated. 

III. Moscntbal’fi Concentration Test. 

A. Principle: Normally the urine varies greatly 
in its volume and specific gravity at different 
periods of the day. This shows the ready re- 
sponse of the kidney to the varying demands 
for elimination of water and solids. The dis- 
eased kidney loses this adaptive power to a 
greater or lesser degree and the urine ex- 
creted consequently remains of an almost uni- 
form concentration from hour to hour. 

B. Method. 

1. Patient eats 3 regular meals during the day 
and drinks the usual amount of fluids. 

2. Patient voids at 8 A.M. and the urine is dis- 
carded. 

3. Urine specimens arc collected at the following 
hours: 10 AM., Noon, 2 P.M., 4 PJVL, 6 Pjtf., 
and 8 PJVI. 

4. Measure the volume and take the specific 
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gravity of each specimen. 

S All unne passed from 8 P M. until 8AM (12 
hours) is placed in one container, measured, 
and the specific gravity taken. 

C, Normal Values 

1 Night specimen should not exceed 575 cc in 
volume and should not be more than 75 per 
cent of the day volume The specific gravity 
should not be lower than 1 018 

2 In the day specimens the specific gravity 
should vary by 9 points or more, reaching 
1 020 in one or two specimens 

D Abnormal Findings 

1 The first evidence of impaired kidney func- 
tion is nocturnal polyuna, that is, the night 
unne exceeds 575 cc and its specific gravity 
is lower than 1 018 

2 The next evidence of impairment is a fall in 
specific gravity below 1 018 in any of the day 
specimens 

3 The level at tv hich the specific gravity is fixed 
becomes lower as the luncnonal impairment 
increases 

4 In chrome passive congestion there is a fixed 
high specific gravity and oliguria. 

IV Blood Urea Nitrogen to Nonprotcm 
Nitrogen Ratio 

A Method 

1 See method for blood urea nitrogen (B U N) 
page 278 and nonprotein nitrogen (NPN) 

S e 272 
tulation 


Urea N X 100 
NPN 

B Interpretation 

1 The normal ratio is 40 to 47 with extremes at 
35 and 50 

2 In a slight or moderate degree of renal in 
sufficiency the selective concentration of urea 
by the kidney is impaired, resulting m a faster 
increase in blood urea than m nonprotein m 
trogen thus giving a higher ratio 

3 In maximal impairment of renal function 
there is a ratio of 80 or more 

4 The ratio is decreased m hepatic insufficiency, 
eclampsia and toxemias associated with a 
rapid breakdown of body protein, 

5 Normal pregnancy produces a ratio slightly 
lower than norma! (average 33 I) 

Urea Gearance Teet. 

A. Method J 

See page 281 in Section on Chemistry for 
method and calculation 


B Principlct The rate of excretion of urea id 
unne per minute is directly proportional to 
the blood urea content. It is reported in per 
cent of an established normal for a body 
surface area of 1 73 stj meters 

C. Interpretation. 

1 Normal is 60 per cent or more. 

2 Mild impairment betw een 40 and 60 per cent. 

3 Moderate impairment — 20 to 40 per cent 

4 Severe impairment — below 20 per cent. 


Correlation of Clinical and Laboratory 
Findings with the Pathology of 
the Kidncvs 


The kidneys perform at least three important 
functions (1) they are the clucf means of ex 
creoon of nitrogenous waste products from pro- 
tein metabolism, they are essential factors in the 
maintenance (2) of the water balance, and (3) of 
the acid base balance in the body 
The walls of the glomeruli are permeable to 
all the crystalloidal substances in the blood 
plasma including urea unc acid, creatinine, sodi 
urn chloride sugar, etc These substances are eluiu 
nated by glomerular filtration The excretion of 
water by the normal kidneys, also by glomerular 
filtration, is directly proportional to the intake 
of water They are also the chief channels of 
elimination of water in the reduction of edema. 
The role of the kidneys m the maintenance of 
the aad base balance of the body is accomplished 
by three processes (a) They transform a part of 
the sodium alkaline phosphate which is filtered 
out of the blood by the glomeruli into sodium 
acid phosphate and return to the body one atom 
of sodium (fixed base) for each molecule thus 
transformed according to the follow ing formula 


N*iHPO« 4- H-COj = NaH 2 PO< + NaHCOj 
The sodium acid phosphate is excreted m the 
unne, the bicarbonate is returned to the blood 
This is further shown by the relative concenrra 
tions of the aad and alkaline phosphates m the 
plasma and unne as follow's 

NaH 2 PO< 1 . NaHsPO* * 

NajHPO* 4 5 NajHPO# « 


In plasma . 


(b) When there is a threatened dangerous de 
plenon of fixed base (chiefly sodium) in the 
body, the kidneys are capable of performing a n 
emergency function by transforming urea into 
ammonia and thus supplying a volatile base (c) 
In the aadosis of diabetes the diaceoc and beta 
oxybutync adds in the plasma are combined 
with fixed base (sodium) The kidney's are 
capable of dissoaatmg these salts and eliminatiflS 
up to II per cent of the diacetjc and up to 55 
per cent of the beta-oxy butyric adds as free adds 
and of returning to the f>Iood the dissociated 
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sodium to maintain the alkali reserve. Inter- 
ference with these three important processes to 
maintain acid-base balance accounts for the oc- 
currence of acidosis in chronic nephritis. 

The formation of urine begins in the glomeruli 
and is completed in the distal convoluted tubules. 
Under the hydrostatic pressure of the blood in 
the glomerular capillaries an ultrafiltrate is pro- 
duced consisting of a watery solution of all the 
crystalloidal substances in the plasma in the same 
concentration in which they are present in the 
plasma. As this filtrate passes through the tubules, 
all the sugar, about 98.5 per cent of the water, 
and varying amounts of sodium chloride, urea, 
and other substances are absorbed by the tubular 
epithelium. The final product, urine, is a greatly 
concentrated solution that is hypertonic to the 
blood. 

In order to perform their function efficiently 
the glomeruli must receive a sufficient amount of 
blood under adequate filtration pressure to pro- 
duce an ultrafiltrate and the tubules must re- 
ceive a blood supply sufficient to maintain their 
nutrition. In spite of differences in their charac- 
teristic pathology, all the kidney diseases which 
lead to renal insufficiency and uremia have in 
common interference with the blood supply to 
the glomeruli and tubules. Since the tubules are 
supplied with blood which has first passed 
through the glomeruli, any condition which re- 
duces the blood supply to the glomeruli will 
also interfere with the nutrition of the tubules, _ 
such as glomerulonephritis, chronic pyelonephri- 
tis, and the changes in the afferent arteries to 
the glomeruli that accompany hypertension. 

L Glomerulonephritis is of two types: acute 
and chronic. Subacute glomerulonephritis is 
a somewhat indefinite pathologic condition. 

It will not be coasidered here because it re- 
sembles in many of its features the correspond- 
ing chronic disease from which it may be diffi- 
cult to differentiate clinically. 

A. Acute glomerulonephritis occurs in two 
forms so far as the patho logy of the disease is 
concerned' exudative and proliferative. 

1. Acu te exudative elofnem lonephritis may oc- 
cur as a seq uel of s c arlet feve r as well as in 
other conditions. It is c haracterized by hyper- 
emia 'oT~ffie]^I^e^i_whose__capillaries are 
rich 7n polymorphonuc lear leukocytes. Sim- 
ilar cel ls are seen in the cap sular space and in 
the tub ules. The stroma of the kidneys is 
usually more or less edeffiafousT This type of 
the dise3se ^~tmly~mfe^ TataI and does not 
often bec omTcHron ic^Perh aps die re ason for 
this is that" the exudate is drained away down 
the tubules and there is Tittle stimulus to in- 


duce fibrosis and destruction of the glomeruli 
The laboratory and most important clinical 
manifestations of this disease are reasonably 
cha ract eristic. 

a. The urine is usual ly somewhat reduced in 
amount and its specifier gravityls increased 
The glomerulT are damaged an if albumin, 
red bloocTceUs sometimes in sufficient num- 
bers ctTgive ft a reddish or smoky color, 
pus cells, and casts are present in the urine. 

b. Edema,"~usua lly moderate and affecting 
chiefl y the eyelids and face, ^ is relatively 
common. This ed ema is apparently due to 
widespread damage to capillaries through t 
wh ose h yperper meab le walls water and 
serum albumin escape. Thejatter holds 
th e wa ter m_the jissues^by upsetting the 
balance between the osmotic pressure of 
the plasma proteins and that of the tissue 
fluids. 

c. A moderate degree of hypertension is not 
infrequent. This is apparently due to is- 
chemia nf rpe ren.il tissue resulting from ,, 

interference reith_the_circulation through » 
th ese organ s by i ncrease _of intrarenal 1 
pre ssure cau sed-tnuedgma-of the renal f 
/St roma and cloudy swelh ng_of the tubular | 
'‘I epithelium. This is also the cause of the 
obg uria, a nuria, and renal insufficiency, 
wWcKoccur in severe and fatal cases. 

Acute proliferative glomerulonephritis some- 
times follows^mfections of the tonsils and 
other structures .in this region. Frequently 
there is no_discoverable. etiology. T his, t ype 
oftfie disease is fatal t passes jpto the ch tonic 
type more- frequ entl y t hinges th^ ern dative 
f orm of acute glomerulonephritis . It is char- 
acterized by proliferation of the endothelial 
lining of the glomerular capillaries and the 
connective tissuejceils in their walls. The 
glom eruli are, therefore, m ore cellular than 
nor mal anH lcontairTvery^little blood. This 
changecausesjBajkedjntfilfetsnce with the 
flow through both the g l omerula r and peri- 
tubular c apillari es’. "The laboratory and clini- 
cal findings are not as distinctive or charac- 
teristic as in the exudative type. 

a. The urine contains less album in_and fewer 
red blood cells, leu kocytes, and casts than 
in the exud ative form. The total quantity 
excretec Tper d ay is reduced.' — '' 

b. Edema is not s o likely jto occur as in the 
exudativejype of the disease. 

c. Moderate hvperte nsioflL_is_usual and is 
due, probably.to is chemia, of the renal 
substance resulting froin the obstruction 
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of the flow of blood through the glomeruli, 
d Increase in the urea and nonprotcin nitrog- 
enous substances of the blood is common 
and is due to diminished filtration through 
the occluded glomeruli through which 
alone these substances can be excreted. 

B Chronic glomeruioncphnti » may be accom- 
panied by marked (‘ nephrotic ’) cdem3 or by 
progressive retention of nitrogenous waste 
products (the azotemic type) 

1 In chronic glomerulonephritis tilth edema , 
there is little interference with the flow of 
blood through the glomeruli in the earlier 
stages of the disease. As a result of some 
cause not now known and of some change in 
the glomerular walls that cannot be demon- 
strated with certainty, the walls of the glo- 
meruli become hyperpermcable and permit 
not only the usual ultrafiltrate to pass through 
but also scrum albumin to which the normal 
glomeruli are impermeable. The laboratory 
and clinical findings are characteristic, 
a. The unne contains an abundance of albu- 
min, its specific gravity is usually some I 
what increased, and it contains many casts! 
but relatively few red blood cells and leu-1 
kocytes. 

b Because of the constant loss of large 1 
amounts of serum albumin in the unne the 
amount of this protein m the plasma is 
reduced, often to a level below that of the 
lobuhn (‘ inversion of the albumin-gtobu- 
n ratio ) 

c. As a result of the marked reduction of the 
plasma proteins their osmotic pressure in 
the blood is reduced below a critical level 
at which more fluid leaves die systemic 
capillaries than returns to them. Hence 
very extensive edema of the subcutaneous 
tissue may occur, often with accumulation 
of large amounts of fluid in the serous 
cavities 

d During this stage of the disease there is no 
hypertension because there is no ischemia 
of the kidneys and no increase in nonpro- 
tein and urea nitrogen of the blood because 
there is little interference with filtration 
through the glomeruli through which these 
products are excreted 

e if the patient survives for a sufficient time, 
the pathologic and clinical picture may 
change completely and come to resemble, 
in all essential respects that of die azotemic 
type now to be described. 

2 The tnoteimc type of chrome glomerulone- 
phritis may follow the proliferative form of 


acute glomerulonephritis, but more frequently 
develops insidiously without any acute mam 
festauons. The primary change occurs in the 
glomeruli as a proliferation of their consu 
tuents — endothelium, connective tissue, and 
perhaps epithelium. The ultimate result is 
the progressive transformation of the glomer- 
uli into bloodless scars This not only pre- 
vents filtration through the affected glomeruli 
but also shuts off the blood supply to the 
convoluted tubules As these changes pro- 
gress the laboratory and clinical findings vary 
with the stage of the disease 

a. The amount of albumin in the unne is 
relatively small m proportion to that pres- 
ent in the type of glomerulonephritis with 
edema Casts are abundant and of man) 
vanetics The specific gravity of the unne 
may be normal at first but gradually is 
lowered, becoming fixed * at a level be 
tween 1 017 and 1 007, that is, the kidneys 
become unable to secrete either a very di- 
lute or a very concentrated unne, no mat- 
ter what the intake of water 
b The changes in the glomeruli reduce the 
blood supply to the tubules, uc^ cause is- 
chemia of the kidneys with resulting pro- 
gressively increasing hypertension. The 
nigh blood pressure, in time, leads inevi 
tably to hypertrophy' of the heart and the 
patient may die from congestive heart 
failure with extensive cardiac edema 
c. The total number of functioning glomer 
uli is reduced by their progressive destruc- 
tion When this destruction exceeds the 
factor of safety or functional reserve of the 
kidneys, renal failure becomes manifest 
w ith increase of nonprotein nitrogen, urea, 
and creanmne of the blood to very high 
lev els and the patient dies of uremia. 

In In pyelonephritis renal tissue is destroyed 
l. and changes occur both in the blood vessels 
/ and in the parenchyma and stroma not only 
} in the portions actually the seat of mflamma- 
I tion and abscess formation but also in a zone 
/ of varying width about each inflamed area* 
/ The destroyed renal tissue is replaced by scar 
tissue and the total amount of parenchyma 
capable of functioning is decreased The a! 
j terations in the artencs and arterioles reduce 
1 the blood supply of the intact renal tissue, 
j i.e, produce ischemia. This is followed b) 
J hypertension which may produce progressive 
cnanges similar to those in essential hyper 
tension and with the same genera] effects on 
renal function. 
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£ 

Frequently recover 
May be fatal 

Repeated exacerba 
trons may occur 

Fatal in 2 to 25 years 

May recover 
Conditions may last 
from months to many 
years or develop into 
the azotemic type. 

Good unless coropli 
cated by cardiac 
failure 

Poor but condition 
may last from a few 
years to a decade 
Fatal mtktn 6montha 
— after absolute in 
sufficiency occurs 

Systemic Changes 

Blood pressure increased ' 
Edema present - 
Eveground changes absent 

Mild anemia 

, 

Blood pressure increased 

Edema absent unless cardiac _> 
failure is present 

Eyeground changes absent or ^ 
present 

Moderate to severe anemia. 

Heart enlarged 

Late chrome uremia 

Edema jnarlced No increase in 
blood pressure No eyeground 
changes BMR. low (—20%) 
Sedimentation rate of RBC 
greatly increased ' 

Faulty protein metabolism 

No inflammation of glomeruli 
More marked in young 
individuals 

Blood pressure increased 

Edema absent unless cardiac 
failure is present 

Eyeground changes absent. 
Cardiac dilatation and failure 
are rare while hypertrophy 
is common 

Blood pressure high 

Edema absent unless cardiac 
failure is present 

Eyeground changes marked 1 

Cardiac hypertrophy dilatation, ' 
and failure are common 

Apoplexy common Chrome 
uremia late Anemia marked 

1 Renal Function 1 
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Sp gr high J 

Dark red and cloudy 

Albuminuria (115 gm %) 

Casts hyaline granular, brown 
granular blood, pus and epithe- 
lial 

Blood and pus 

Polyuria Acid 

Sp gr low later becoming fixed 
pale yellow and dear y 
Albuminuria (trace) ✓ 

Casts hyaline and granular 
Blood present at times. 

Late in disease oliguria -J 

Oliguria tn proportion to the 
edema Si acidoralk 

Sp gr normal to very high J i 
Normal appearance J 

Marked albuminuri{t(l 6 gm %)' 
Casts hyal ne and granular., ] 
Occasional blood cell 
(In hpo d nephrosis there are no 
casts the cells contain lipoid and 
there are free liptrtd granules.) J\ 

Early stage normal 

Late stage trace of albumin 
with a few hyaline and granular 
casts 

Early stage normal 

Late stage 1 ke chronic nephritis 
without edema 
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UL ISepbroscleroBis; Hypertension. The path- 
ological equivalent of long continued clinical 
hypertension is sclerosis of the arterioles 
While, in hypertension, arterioles may be in- 
volved in widely separated parts of the body, 
it is only in the kidneys tnat this change is 
constantly associated with high blood pres- 
sure. In these organs the afferent arterioles to 
the glomeruli become thickened and their 
lumens narrowed As long as the systemic 
blood pressure is high enough to supply the 
glomeruli with a sufficient amount or blood 
under adequate hydrostatic pressure to main- 
tain glomerular filtration at normal levels there 
will be no disturbance of renal function This 
is ‘ benign hypertension ” The systemic blood 
pressure compensates for the changes in the 
arterioles When, as a result of marked lower 
ing of systemic blood pressure, as in congestive 
heart failure, or of extreme changes in the 
afferent arteries so great and so extensive that 
an adequate blood supply to the glomeruli 
cannot be maintained renal insufficiency oc- 
curs and the patient may die of uremia. This 
is “malignant hypertension ” But even in the 
benign type of this condition there is slow 
progressive reduction in the amount of func- 
tioning renal tissue 

A. In benign hyperlcntlon the high blood pres- 
sure compensates for the narrowing of the lu- 


mens of the afferent arteries and there is little 
evidence of reduction of renal function There 
may be moderate polyuna The unne may 
contain a trace of albumin and a few hya 
line casts and its specific gravity may be 
moderately low The nonprotem nitrogen of 
the blood is usually within normal limits. 

B Clinically, malignant hypertension closely 
resembles the late stage of the azotemic type 
of chrome glomerulonephritis from which U 
can be differentiated with difficulty Prior to 
the development of congestive heart failure, 
which may occur in both conditions, the blood 
pressure is usually higher in malignant hyper 
tension than in chrome glomerulonephritis. 
Otherwise, there is, in both conditions, pol- 
yuria with low and fixed specific gravity, slight 
albuminuria, the presence of casts of various 
types, and marked increase in the nonprotein 
nitrogen of the blood. The similarity of the 
effects of these two conditions upon the func 
tion of the kidneys is the result of markedly 
reduced glomerular filtration In chronic 
glomerulonephritis this is due to primary de 
stmenon of the glomeruli themselves, in 
malignant hypertension, to inadequate glo- 
merular circulation and to destruction of 
glomeruli secondary to the changes in dir 
afferent arteries. 



The blood consists of plasma, in ■which are sus- 
pended red corpuscles, white corpuscles, and 
blood platelets Ail of these may be affected by 
changes either in the blood forming organs or 
m other tissues of the body Therefore, a blood 
examination is very important in all diseases. 

Although blood examinations, next to urine ex- 
aminations, are the mostfrebuedt rests performed 
m the laboratory, they are also the ones in which 
there are the greatest inaccuracies If the tests 
are to be used far clinical interpretation, ic is 
of the greatest importance to use clean instru- 
ments and to develop an accurate technique 


The cut should be deep enough so that the 
blood flows freely without squeezing the ear 
or finger 

6 The first drop should be wiped away with a 
dry sponge and a separate fresh drop used 
for each sample. 

B Examinations Employing Capillary Dlooil. 

1 Blood count erythrocyte, leukocyte, and dif 
ferennal 

2 Hemoglobin 

3 Bleeding and coagulation tune 

4 Blood typing 
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Table 5 Normal Hematological Values in Adults 


Erythrocytes 

Women 
Leukocytes 
Hemoglobin (Hgb ) 

Men 
Women 
Color Index 

t Mean Corpuscular Hgb (MCH) 

Cell Pack (hematocrit) ( ? icJf ^ 

Men 
Women 
Volume Index 

Mean Corpuscular Volume (M C V ) 
Saturation Index 

Mean Corpuscular Hgb Cone (M CMC) 
Mean Corpuscular Diameter (M CD) 


4S-60 million 
4 0 5 5 million 
4 000 10000 

14 - 18 gm % 

12 16 gm % 

0 90 no 

27 32 

micromtcrograms 

40 54% 

37 47% 

0 90 I 10 
82 92 c microns 


32 36% 

6 7 S microns 


Neutroph Is 
Band 
Segmented 
Eosinophils 
Basophils 
Lymphocytes 
Monocytes 
Coagulation Time 
Lee and White 
Other methods 
Bleeding Time (Ivy s 
method) 

Capillary Resistance 


Clot Retraction Time 
Prothrombin Time 

Sed mentation Rate 
Men 
Women 

Fragility of Erythrocytes 


50 70% 
20 40% 


2 12o sec vX 
10 or less 
petechiae 
in 8 min 
1 24 firs 
above 70% 

0 9 mm 
0-2 0mm 

0 46 to 0 30% NaC 


Collection of Blood 
I Skin Puncture (Capillary Blood) 

A Method, 

1 In adults use the patient s finger or the lobe 
of the ear, choosing a site free from local 
circulatory changes (pallor, cyanosis, edema, 
or inflammation) 

2 In infants use the great toe 

3 Rub the pan well with 70 per cent alcohol or 
antiseptic wash and dry 

4 Make a good stab with a quick motion using 
a sterile, dry, sharp Hagedorn needle (No 3) 
When withdrawing cut down across the lines 
of the skin with the sharp edge of the needle 
A lancet may be used 


5 Reticulocyte count. 

6 Platelet count. 

7 Thin and duck smears far malaria. 

8 Smear for basophilic aggregations (stippling 
of erythrocytes) 

II Venipuncture. 

A. Method. 

1 Cleanse the skin over a prominent vein at 
the elbow with antiseptic wash 

2 Place a tourniquet around the arm above 
the elbow, request the patient to \ igorously 
open and close his hand set eral times 

3 TTie size of the svnnge to be used is de 
termined by the amount of blood desired 
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4 Generally a VA inch needle, 21 gauge, with 
a medium bevel, is used 

5 Both the needle and syringe must be sterile 
and dry 

6 Draw the sbn tense over the vein with the 
thumb of the left hand With a quick thrust 
puncture the skin and vein with the bevel 
of the needle up 

7 Do not move the needle or syringe after 
the needle is m the vein, but release the 
tourniquet- 

8 Withdraw blood by slow traction on the 
plunger of the syringe 

9 When ready to remove syringe, apply a 
stenle sponge oter the needle 

10 Remove needle, then have patient press 
sponge on puncture wound for 5 minutes 

11 Remove needle from syringe and gently 
empty blood in a stenle test tube to clot or 
in a bottle containing an anticoagulant, 
shaking well to prevent clotting 

12 Keep Bottle stoppered to prevent cvapqra 
non. 

13 Wash syringe and needle at once with cold 
water to remove blood before it coagulates 

14 The bottle containing the oxalated blood 
must be shaken for 3 minutes immediately 
before using the blood for a test. 

B Anticoagulant Used tn Hematology 

! It is very necessary to have the correct pro 
pornon if blood to anticoagulant to prevent 
shnnkage of the cells which would give in 
correct values. 

2 Anticoagulant Solution 

Ammoniam oxalate 12 gm 

Potass um oxalate 8 gin 

Distilled water to make 1 titer 
a Pipette 0 3 cc of the solution into a one 
half ounce bottle and warm (not over 
70'C.) until the water is completely evap- 
orated 

b This amount prevents 3 cc. of blood from 
clotting If more or less blood is used, 
it is important to use more or less anti 
coagulant solution in this same propor- 
tion. 

C, Examinations Employing Venous Blood 

1 IV hole Blood (not oxalated) 
a. Got retraction time 

b Fragility test 
c Smear for differential count 
d Coagulation time (Lee and White) 

2 Whole Blood ( oxalated ) 

Tests must be made within the following 
specified time after drawing the blood 


Dythrocyte count 24 hr* 

Leukocyte count 24 hrs. 

Hemoglobin 24 hrs. 

Cell pack (hematocrit) 3 hit 

Sedimentation rate I hr 

Prothrombin time 30 mm. 

Reticulocyte count 1 hr 


Counting of Blood Cells 
I Erythrocyte Count 

A Collecting Blood 

1 Use pipette marked 101 above the bulb It 
must be clean and dry 

2 Make a skm puncture as described above 

3 Hold the pipette in a horizontal position and 
draw the blood exactly to the 0 5 mark 

4 Wipe off any blood which adheres to the 
outside of the pipette with a cloth without 
drawing blood from the pipette itself 

5 If the blood is drawn past the 0 5 mark, never 
more than 2 im, the blood can be adjusted 
back to the mark by stroking the tip of the 
pipette with the finger or a piece of thin 
rubber Do not use a cloth as it tends to with 
draw the fluid portion of the blood leaving 
a higher concc itration of cells 

1 6 Draw a small bubble of air into the capillar) 
of the pipette 

7 Insert the up of the pipette into the diluting 
fluid (Gowers or Haycms solution, see p 
356), hold the pipette vertical, and fill to the 
101 mark, sucking very sow\f just before 
reaching the mark Rotate pipette between 
thumb and finger slowly w'hilc filling to mix 
blood and solution 

8 When completely filled bring pipette to a 
horizontal position and place finger over the 
tip before removing the rubber tubing 

9 Hold the pipette horizontally between the 
thumb and middle finger and shake with a 
rotatory movement until well mixed 

B Counting Er^-throcytcs 

1 The ruled area of the counting chamber and 
the cover glass musr be carefully cleaned 
and absolutely free from dust, lint, and 
grease 

2 Place the counting chamber on a horizontal 
surface and lay the cover glass in place ovci 
the ruled area 

3 Shake the pipette 3 minutes, then blow out 
one third or its contents and wipe off the 
tip so no fluid is present. 

4 Place a finger over the upper end of die 
pipette and touch the op to the ruled area 
at the edge of the cot er glass Remove the 
finger and allow the fluid to fill the space 
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by capillarity When the fluid has flowed 
three fourths of the way across, withdraw 
the pipette as there is enough fluid present 
to fill the space (No time must elapse be- 
tween shaking the pipetre and filling the 
counting chamber ) 

5 If any fluid runs over into the moat or if 
there are any air bubbles present, the slide 
must be cleaned and filled again 

6 Allow 3 minutes for the corpuscles to settle 

7 First find the small center squares under low 

E ower and then count under high power 
io not touch the cover glass with the lens, 
this can be avoided by always focusing up 
instead of down 

9 If the cells are not evenly distributed, clean 
the counting chamber, shake pipette, and fill 
the chamber again 

10 Count 80 small squares, 5 groups of 16 in 
the central ruled area, and to the sum add 
4 ciphers See Fig 2 
Calculation 

Cells counted X 10 (depth) X 5 (1/5 of sq mm. 
counted) X 200 (dilucion) = erythrocytes per 
cubic millimeter 

1 1 In order to avoid confusion in counting cells 
which touch the sides of the group of 16 
squares, count all cells which touch the up- 
per and left outer double line of the group as 
if they were inside the square and neglect 
those cells which touch the lower and right 
inner line See Fig 3 



Fic 2. Improved Neobauer Ruling on a 
Hemocytomeier 

W— Areas to he counted under low power for leuko- 
cytes 

R— -Areas to be counted under high power for erythro- 
cytes 

Area ABCD=1 sq mm. 

Small black square =1/400 sq mm. 



Q Cells nor to be counted 

Fig. 3 Method ok Counting Cells Touching Double 
Lines on a Hemocytomeier. 

12 If the counting chamber has 3 lines outlining 
the group of 16 squares, the middle line is 
the boundary 

13 If the number of cells in each group of 16 
small squares vanes more than 16, the count 
must be discarded and the counting chamber 
filled with a fresh drop of fluid from the re 
shaken pipette 

14 If the first count is not within normal limits, 
put a fresh drop on the counting chamber 
and count again Always shake the pipette 
well and discard 4 or 5 drops before adding 
a drop to the counting chamber 

15 If there is a severe anemia, the blood may 
be drawn to the 1 mark on the pipette and 
then diluted to the 101 mark. The number 


of corpuscles counted would then be multi- 
plied by 5000 


16 In case of autoagglutuiation of the cells, use 
an 0 85% solution of Nad instead of 
Gower s solution for making the dilution 
C. Interpretation of Erythrocyte Counts 
1 Normal Values 

a Men 4,500 000 — 6,000,000 per c. mm. of 
blood 


ib Women 4,000,000 — 5,500,000 per c. mm. 
of blood 

* c Normal w omen in late pregnancy — 3^00,- 
J 000 to 5,000,000 per c mm of blood. 
j d Children — see Table 6, page 40 
Abnormal Values 

i a. Increased (poly cythemia) m dehydration 

1 erythremia (polycythemia vera), certain 

J chrome heart diseases, cases of acute 

poisoning, pulmonary fibrosis, and Ayer 
/ za’s disease. 


Decreased (oligocythemia) in anemias, 
leukemia, and after hemorrhage when the 
blood volume has been restored 
See blood findings in disease, page 93 
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IL Leukocyte Co unt. 

A. CoHecUng-ffraoir" ~~ 

1 Use a clean, dry pipette with 1 1 marked above 
the bulb and follow the technique described 
under erythrocyte count. 

2 A larger drop of blood is required, because 
the bore of the leukocyte pipette is much/ 
larger than that of the erythrocyte pipette: 

3 Draw blood exactly to the 0 5 mark and wipe 
off the tip as described under erythrocyte 
count. 

4 Place in the diluting fluid (1% HQ), hold 
the pipette vertical, and fill slowly to the 
mark 11 

5 Shake pipette until well mixed. 

B Counting Leukocyte s. 

1 Follow directions as given in I through 5 1 
under counting erythrocytes, except that only 

2 or 3 drops arc discarded from the pipette 

2 The pipette is held practically horizontal while 
filling the counting chamber to keep too much^ 
fluid from running under the coverjjlass 

3 Allow I minute for the leukocytes to settle^/ 

4 Count the 4 comer groups of 16 squares un 
der low power See Tig 2 This makes 4 sq 
mm counted, so that the sum of the number 
of cells counted is multiplied by JO fqr/he 
total leukocytes 


count as follows 

b X c 
* c + d 

a — corrected leukocyte count, 
b — unconected leukocyte count, 
c — 100 (leukocytes counted in differential count) 
d — number of nucleated erythrocytes per 100 Icultv 
cytes in the differential count. 

C. lntcrpretnlion oj Leukocyte Counts. 

1 Normal Valuer 

a Adults — capillary blood, 5,000 to 10,000 
er c mm of blood Venous blood may 
e 1,000 cells lower than capillary blood 
b Normal women in late pregnancy — 7,000 
to 18,000 per c. mm of blood 
c. Children — see Table 6, page 40 
d The count varies with the condition of 
the patient and the time of day 

1) It is lowest in the morning and grad 
ually nscs until the middle of the after 
noon 

2) Decreases with age and in resting con- 
dition 

3) Increases after strenuous exercise and 
after cold baths 

2 Abnormal Valuer — see blood findings m dis- 
ease, page 91 


Calculation 

Cells counted X 20 (dilution) X 10 (depth) 

Number of sq millimeters counted (4) j 

— leukocytes per cubic millimeter 2 

5 If the number of cells for each of the 4 groups 3 
of 16 small squares vanes mote than 12, the 4 
count must be discarded and the counting 
chamber filled with a fresh drop of fluid J 

6 If the first count is not within normal limits, 

put a fresh drop on the counting chamber 6 
and count again Always shake the pipette 
well and discard a drop before filling the 7 
counting chamber 

7 If the count is from 50 000 to 500,000, collect 

the blood in an erythrocyte pipette, drawing 8 

the blood to the 1 mark. /Count like an ordi- 9 

nary leukocyte coun^but mulaply by 250 
With counts greater than 500000, draw the 10 
blood to the 0 5 mark and multiply the nrnn-, 
her of cells counted by 500 C 

8 If the count is less than 3,000, make a 1 to 10 

dilution in the leukocyte pipette and multi- 
ply by 25 11 

9 When a large number of nucleated erythro- 
cytes are present, a correction of the leuko- 12 
cyte count must be made from the differential 13 


IIL Sources of Error in Erythrocyte 
and Leukocyte Counts 

Blood taken from cyanosed area. 

Too much pressure on ear or finger while 
talnng count. 

Dirty or wet pipettes. 

Volume of blood wot measured carefully ot 
air bubbles in the pipette 
Removing blood from tip of pipette with a 
cloth instead of finger or piece of rubber 
Too slow' manipulation, allowing some of 
the blood to clot. 

Inaccurate dilution loss of cells in diluting 
fluid incorrect final volume, or further di 
lution hy saliva from tubing 
Diluted cells not thoroughly mixed. 

Failure to expel several drops before filling 
counting chamber 

Incorrect filling of the counting chamber 
allowing too much time to elapse between 
shaking the pipette and filling fhe chamber, 
too much or too little fluid uneven dis- 
tribution of the cells or air bubbles present. 
The presence of yeasts or dirt in the diluting 
fluid. Faulty diluting fluid causing hemolysis. 
Touching cover glass with the objective 
Gumping of cells. 
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14. Inaccurate calculation of cells counted. 

15. Inaccurate counting chambers and pipettes. 

16. Incorrect area counted due to misinterpreta- 
tion of ruled area on the counting chamber. 

17. Inaccurate leukocyte count due to counting 
nucleated erythrocytes. 

IV. Cleaning the Counting Chamber and 
Pipettes. 

A. Counting Chamber. 

1. Clean with water immediately after using; 
occasionally wash with soap and water. 

2. Dry with a soft lint-free cloth. 

B. Pipettes. 

1. Remove the rubber tubing from the piperte 
and use a suction pump to aspirate the fol- 
lowing fluids through the pipette in the order 
given: 

a. Distilled water until all traces of blood are 
removed. 

b. A small amount of acetone. 

c. Air until the pipette is dry. 

d. Alcohol and then ether may be substituted 
for acetone. 

2. If properly cleaned and dried, the bead in 
the bulb should move freely. 

Hemoglobin 
L Hemoglobin Values. 

A. Standards. 

1. Different methods use different standards as 
a working basis and the instruments are cali- 
brated so that a certain number of grams equal 
100 per cent. 

Sahli-Hellige — 14.5 gm. per 100 cc. of blood. 
Newcomer — 16.92 gm. per 100 cc. of blood. 
Dare (new) — 16 0 gm. per 100 cc. of blood 
Tallqvist — 15.8 gm. per 100 cc. of blood. 

2. If the standard is known, the precentage or 
grams of hemoglobin per 100 cc. of blood can 
be figured from the following formulas: 

... erams H^b. X 100 
Pet cent Hgb = e - “ted 

„ __ , %Heb. X standard 

Grams Hgb = 

B. Reports should be made in grams of hemo- 
globin per 100 cc. of Hood instead of per cent 
because of the different standards for per cent 
on the various instruments. The newer in- 
struments are made to read directly in grams. 

IL Acid Hematin Methods for Hemoglobin 
Determination. 

A. Sahli-Hellige Method. 

1. A Sahli-Hellige hemoglobinometcr is used. 


2. Place 5 drops of 1% hydrochloric acid in the 
graduated tube. 

3. Obtain a large drop of blood and draw it 
into the Sahb pipette exactly to the 20 c. mm. 
mark. 

4. Wipe off any blood which adheres to the 
outside of the gipette with a cloth without 
drawing blood from the pipette itself. 

5. If the blood is drawn slightly beyond the 
mark, adjust it to the mark by stroking the 
tip of the pipette with the finger. 

6. Blow the contents of the pipette into the 
hydrochloric add in the tube and rinse the 
pipette well by drawing up the acid in the 
tube several times. _ 

7. Let stand 4 minutes for the hemoglobin to 
change to acid hematin. 

8. Dilute the fluid with distilled water drop by 
drop, mixing after each addition, until it 
matches the color of the standard compari- 
son tube. 

9. The final reading must be made at exactly 
5 minutes after the blood is added to the acid. 

10. The graduations at the bottom of the menis- 
cus indicate the percentage and grams of 
hemoglobin; 100 per cent corresponds to 14.5 
gm. of oxyhemoglobin in 100 cc. of blood. 

B. Tladcn-flausscr Method. 

1. A Haden-Hausser hemoglobinometcr is used. 

2. Dilute the blood 1 to 20 in a leukocyte di- 
luting pipette with 1% hydrochloric acid 
and mix. Follow directions under leukocyte 
count. 

3. Let stand 30 minutes for the hemoglobin to 
change to acid hematin. 

4. Gean the comparator slide and cover glass. 

5. Assemble them bv applying the cover glass 
with the beveled side down and with the 
lower and left edges in contact with the metal 
frame. 

6. Discard 2 or 3 drops from the pipette if it 
has not been used for a leukocyte count. 

7. Fill comparator slide by letting several drops 
run into the wedge-shaped trough which will 
fill by capillary action. 

8. Place slide in the hemoglobinometcr and 
match the fluid with the color standard (low- 
er half of slide) which reads in grams per 
100 cc. 

9. If the hemoglobin is below 7.5 gtm, fill an- 
other piperte, diluting the blood 1 to 10 and 
divide the reading by 2. 

10. Use the daylight filter (D) for daylight 
and the Mazda filter (M) for electric light. 

11. No correction of the reading is necessary-if 
the pipette has stood 30 minutes or longer. 
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If it has stood only 10 minutes, add 4%, 15 
minutes 3%, 20 minutes 2% 

C. Pieiccomer't Method 

1 A Duboscq colorimeter. Newcomer filters, 
and a Sahh pipette are used 

2 Place the blue filter either in the eyepiece 
or over the eyecap diaphragm of the color 
imeter 

3 Adjust the colorimeter for even jllumina 
tion using skylight. 

4 Place the yellow filter under the left hand 
cup 

5 Obtain a large drop of blood and draw it 
into a Sahh pipette exactly to the 20 c nun 
mark 

6 Wipe blood off the outside of the pipette 
witnout drawing blood from the pipette it 
self and blow its contents into 10 cc of 1% 
hydrochloric acid 

7 Rinse the pipette well by drawing up the 
acid in the tube several times 

8 Let stand at least 30 minutes to permit the 
complete change of hemoglobin to acid 
hematin 

9 Place the acid hematin solution in the right 
hand cup 

10 Fill the left hand cup with distilled water 
and adjust the depth approximately to the 
reading expected For normal blood about 9 

11 Secure a match of colors by adjusting the 
depth of the acid hematin solution Ir this 
does not correspond with the depth of the 
distilled water readjust both the distilled 
water and acid hematin solution until the 
colors match at the same depth in each cup 

12 Take the colorimeter reading and deter 
mine the number of grams of hemoglobin 
from the conversion table that comes with 
the Newcomer filters 

HI Photoelectric Colorimeter Methods 

A. Oxyhemoglobin 

1 Place 10 cc of distilled water in a color 
imeter tube 

2 Obtain a large drop of blood and draw it into 
a Sahh pipette exactly to the 20 c. mm. mark 
(002 cc) 

3 Wipe blood off the outside of the pipette 
ana blow its contents into the distilled water ** 
nnsing the pipette well by drawing up the 
water m the tube several times 

4 When ready to read in the photoelectric 
colorimeter adjust the galvanometer to 100 
using filter No 540 and a tube containing 
distilled water as the blank 

5 Add 1 drop of ammonium hydroxide to the 


tube containing the blood, mix by inversion, 
and read immediately 

6 Obtain the hemoglobin content for the gal 
vanometer reading from the table of values- 

7 Calculation for the Evelyn instrument 



X = gm of hemoglobin per 100 cc. of blood 
L = 2 — log of the galvanometer read ng 
Ka = 2J8 wh ch has been calculated for this met! od 
us ng the Evelyn instrument. 

8 Calibration of a Standard Curve for other 
Instruments 

a Most photolometers are calibrated for he- 
moglobin determinations when received 
b If not, a calibration curve may be prC 
pared from samples of whole blood. The 
amount of hemoglobin of each sample 
must be accurately determined by either 
Van Slyke s method for oxygen capacity 
or Wong s method for iron content, 
c. Make the following dilutions from a stock 
solution of 10 cc of blood diluted to 100 
cc. with distilled water 

10 % 

solution Distilled Blood 
of blood water content 
1 cc + 19 cc — 0 005 cc. 

1 cc. + 9 cc. = 0010 cc. 

J cc. + 17 cc = 0.01J cc 

2 cc. + 8 cc — 0020 cc 
J cc + 15 cc = 0X125 cc 

3 cc + 7 cc = OOJO cc 

d Adjust the galvanomercr to 100 with 9 
tube containing distilled water (blank) 
e Add one drop of ammonium h)droxide 
to ID cc. of each of the above ddunon5, 
invert to mix, and read immediately 
f Repeat making new dilutions from the 
10% solution of blood. 

g Repeat using at least 2 other samples of 
blood for stock solutions 
h Make a curve on semiloganthnuc graph 
paper using the average of the galvanome- 
ter readings for each solution, 
i List in a table the values (gm. of Hgb pe r 
100 cc of blood) for each division on 
the galvanometer 

Total Hemoglobin (Eselyn and Malloy’* 
Method) 

Principle Oxyhemoglobin is converted to 
methemoglobin by the use of potassium fern 
cyanide Ocher forms of hemoglobin, such 3 s 
methemoglobin, rutnc oxide hemoglobin and 
any other extraneous blood pigment which 
absorbs baht at a wave length of 620 milb 
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microns, are quantitatively changed to cyan- 
methemoglobin by the use of potassium 
cyanide. 

1. General Considerations. 

a. The error of the test is not more than 
=fc0.2 gm. per 100 cc. of blood. 

b. This method is used to determine the pres- 
ence of some abnormal types of hemo- 
globin. 

1) Determine the oxyhemoglobin content 
of the blood. The difference between 
this and the total hemoglobin is the 
amount of other hemoglobin present. 

2) The method does not differentiate be- 
tween the types of hemoglobin. Carbon 
monoxide hemoglobin is not deter- 
mined because it has same wave length 
as oxyhemoglobin. 

3) Carbon monoxide can be easily de- 
tected by the following simpie test. 

a) Place 3 cc. of distilled water in a 
test tube, add 3 to 5 drops of blood, 
and then add 1 drop of a 5% sodium 
hydroxide solution. 

b) Mix gently and let stand 1 hour. 

c) Normal blood gives a greenish- 
brown color, carbon monoxide 
blood more or less pink 

d) Always run a control using normal 
blood. 

If snlfhemoglobin is present, the total 
/ hemoglobin will be a higher value than 
the oxyhemoglobin, but the amount of in- 
crease is only a small portion of the sulf- 
hemoglobin present. 

d. It is necessary to have 5 gm. of reduced 
hemoglobin and 3 gm. of methemoglobin 
per 100 cc. of blood to produce cyanosis. 

2. Method , 

a. Determine the oxyhemoglobin by the 
method above simultaneously with the fol- 

x lowing procedure. 

b. Place 10 cc. of freshly prepared M/60 
phosphate buffer solution in each of 2 
colorimeter tubes (label 1 and 2). 

c. Obtain and deliver 0.02 cc. of whole blood 
into tube 2 as described under the method 
for oxyhemoglobin. 

d. Mix and let stand 2 minutes. 

e. Add 1 drop of 20% potassium ferricya- 
nide to each tube (l and 2), mix, and 
let stand 10 minutes. 

f. Add 1 drop of 5% potassium cyanide to 
each tube, mix, and let stand 2 minutes. 

g. Add I drop of ammonium hydroxide to 
each tube and mix. 

h. Immediately adjust the galvanometer to 


100 using filter No. $40 and tube 1 as the 
blank; then read tube 2. 

i. Calculation for the Evelyn instrument: 
100 L 
X K 2 

X — gm. total hemoglobin per 100 cc. of blood 
L = 2 — log. of the galvanometer reading. 

K 2 = 2 40 which has been calculated for this 
method using the Evelyn instrument. 

Total hemoglobin — oxyhemoglobin = abnormal 
form of hemoglobin present. 

3. Calibration of a Standard Curve for other 

Instruments. 

a. Make stock solutions of blood and dilu- 
tions as described under the oxyhemo- 
globin method but use M/60 phosphate 
buffer instead of distilled water. 

b. Use 10 cc. of the dilutions and proceed 
as described above for total hemoglobin, 

c. Make a table of values for gm. or total 
hemoglobin per 100 cc. of blood for each 
galvanometer division. 

4. Solutions. 

a. M/15 Phosphate buffer — pH 6. 

1) Prepare phosphate buffer solutions as 
described on page 259. 

2) Mix according to pH 6 in Table 79, 
page 260. 

b. M/60 Phosphate buffer — pH 6. 

1) Pipette 25 cc. of the M/15 phosphate 
buffer solution into a 100 cc. volumetric 
flask and dilute to volume with dis- 
tilled water. 

2) Prepare fresh before each determina- 
tion. 

c. Potassium ferricyanide solution — 20%. _ 

1) Place 10 gm. of potassium ferricyanide 
[K 3 Fe (CN)al in a 50 cc. volumetric 
flask and dissolve in 35 cc. of warm 
distilled water. 

2) Cool and dilute to volume with dis- 
tilled water. 

d. Potassium cyanide solution — 5%. 

1) Place 2.5 gm. of potassium cyanide 
(KCN) in a 50 cc. volumetric flaslc.and 
dissolve in about 30 cc. of distilled 
water. 

2) Dilute to volume with distilled water. 

5. Interpretation of Total Hemoglobin Findings. 

a. Total hemoglobin should be the same 
value as the oxyhemoglobin of a normal 
individual. 

b. Increased above oxyhemoglobin in: 

1) Nitric oxide poisoning. 

2) After certain drugs producing methe- 
moglobin. 

3) When blood contains sulfhemoglobin 
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IV Direct Matching Methods for 
Hemoglobin 

A Tallqcist*s Method 

1 A Tallqvist s scale ts used 

2 Take up a large drop of blood slowly with 
the absorbent paper 

3 Fold paper so that a part of the paper forms 
a background for the drop of blood 

4 Just as the gloss is leaving before the air has 
darkened the hemoglobin, compare with the 
color scale 

5 The 1 ght should fall directly on the standard 
and the sample of blood 

6 Report the per cent of the color scale that 
matches the blood estimating the per cent 
when the color of the blood falls between 
two of the standards 100 per cent corre 
sponds to IS 8 gm. of otj hemoglobin in 100 
cc of blood. 

B Dare's Method 

1 A Dare hemoglobmometer is used 

2 The blood is allowed to flow by capillanty 
into the slit between the 2 plates of glass 
clamped in the small metal holder 

3 One of the pieces is milk glass the other 
clear 

4 This holder ts then placed in the instrument 
with the milk glass toward the source of 
light 

5 By looking through the tube compare with 


different portions of the circular glass disc 
of graduated thickness which is revolved by 
means of the small wheel at the top of tht 
instrument 

6 Turn the wheel until the 2 colors are iden 
tical then read the per cent or grams of 
hemoglobin at the arrow on the side of the 
instrument This instrument tends to read a 
little too low m the upper pan of the scale. 

7 The entire operation from the puncturing 
of the patient to the cleaning of the holder 
after the reading should take not more than 
2 minutes or the result will le incorrect 

8 Readings of 100 per cent on the scale cor 
respond to 16 0 grams of oxyhemoglobin in 
100 cc of blood. 

V Interpretation of Ilcmogloliin 

A Normal J alues— vary according to age, sex, 
and locality 

1 Men 14-18 gm per cent 

2 Women 12 16 gm percent 

3 Normal w omen in late pregnancy 8 5 14 gm. 
per cent 

4 Children — see Table 6 

B Abnormal f allies 

1 Increased (hyperchromemia) in polycythe- 
mia dehydration in poorly compensated 
heart disease with cyanosis and m changing 
from low to high altitude 

2 Decreased (ol gochromemia) in anemias. 


Table 6 Normal Blood Count in Children 


Age 

Hemogbb n 
gm per 

Erythrocytes 
mil per 

Leukocytes 

thousands 

Granulo- 

cytes 

Lympho- 

cytes 

Monocytes 
per cent 


1UU 

cc 


am 

perc 

mm 

per cent 

per cent 

B rth 

18 

26 5 

4 76 

6 9S» 









2 weeks 

Mean 

22 2 

Mean 

6 28 

20 

30 


75 

20 

25 


15 

134 

19 2 

4 32 

6 14 






I month 

Mean 

161 

Mean 

5 55 

10 

18 


45 

40 

45 


8 



4 08 

605 






3 months 

Mean 

154 


5 25 

8 

15 


40 

45 

60 


6 



3 65 

5 22 






6 months 

Mean 

119 



S 


30 

40 

45 

60 



10 6 

15 4 

3 87 

5.39 





t year 

Mean 

12 7 

Mean 

4 83 

8 

14 


40 

45 

60 


6 




5 32 






2 years 

Mean 

11 9 


463 

6 


30 

40 

45 

60 


6 



3 95 

5 26 





4 years 

Mean 


Mean 

4 59 

6 

12 

35 

45 

40 

55 





4 11 






6jcr. _ 

Mean 

11 7 

Mean 

4 89 

6 

12 

40 

50 

40 

45 


( 



4 19 






Mean 

11 7 

Mean 

4 97 

6 


45 

55 

35 

40 


6 




4 43 






10 yea s 

Mean 

119 

Mean 

5 10 

6 

10 

SO 

65 

20 

35 











12 years 

Mean 



5 05 

6 


50 

60 

2a 

35 





4 47 







Mean 



5 17 

6 

10 

50 

60 

2S 

35 

2 

6 
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C. Hemoglobincmia is the presence of free 
hemoglobin in the blood plasma. A. 

(. Found in severe infections, severe bums and j, 
frost bite, poisoning with potassium chlorate 
and mushrooms, and in paroxysmal hemoglo- 
binuria and hemolytic blood transfusion re- j 
actions. 

2. Hemoglobinuria is the presence of free hemo- 
globin in the urine ana occurs when the free 
hemoglobin in the plasma reaches a concentra- 
tion between 30 and 300 mg. (average 150 . 

mg.) per 100 cc. 


Indices, Cell Pack, and Total Blood Volume 
It is very important in calculating all indices 
that accurate hemoglobin determinations and 
erythrocyte counts be made, as a slight error in 
either will give incorrect indices and result in ^ 
false interpretation. 


I. Hemoglobin Content per Erythrocyte. 

A. Color Index ( C.I . ). 

1. This index indicates the amount of hemo- 
globin in the averag e erythrocyte compared 
with the amount in a norma! erythrocyte. ' 

2. The average normal hemoglobin for blood 
with 5 million, erythrocytes, per c, mm. is 
14.5 gm. per 'TOO cc. of blood. * ^ 

3. The color index is calculated as. follows: 

Hgb,’ ^ ^ 

r t - w o 

CL ~R-B.C.in mill. ° r ''{g*** 

5 j0 


rT _ fpn«*Hgb. 

W,- RJ5.C. in mill. 


X 0J4J 


4. 


5. 

6 . 


8 . 

9. 


4. Use nomogram (Fig. 4) for obtaining value. 

5. When hemoglobin is expressed in per cent, 
a rough estimation can be obtained by divid- 
ing the percentage of hemoglobin by the first 
2 figures of the erythrocyte count multiplied 
by 2. It is important to remember that 100 
per cent on different instruments represents . 
a different number of grams of hemoglobin 
per 100 cc. of blood. 

6. The normal color index varies from 0.90 to » 


1 . 10 . 

7. Refer to Table 7 (p. 44) for values in ane- 
mias. 


B. Mean Corpuscular Hemoglobin (M,C.H.) 
in micromicrograms is the weight of the 
hemoglobin in the average erythrocyte. 


11 . 

V'* 


1. Use nomogram (Fig. 5) for obtaining value. 

2. Normal values range from 27 to 32 micro- 
micrograms (average 29.5). 

3. See Table 7 (p. 44) for values in anemias. 


H. Volume of Erythrocytes. 

Cell Pack (Cell Volume Per Cent)» ^ 
From the hematocrit reading the percentage 
of packed erythrocytes in whole blood (cell 
volume per cent) is determined^/ 

Withdraw 5 cc. of venous blood in a dry 
syringe and place in a bottle containing the 
exact amount of dried ammonium and potas- g > 
slum ofala tT~3hb’coagulant"so?utrop -forThe 

amount'd? blood y v(p7 34). V$ 

Shake the bottle immediately for a few' sec- 
onds to prevent clotting and shake for 3 
minutes when ready to fill the hematocrit 
tube. 

Place the blood in a Wintrobe hematocrit 
tube by means of a capillary pipette, the rip 
of which is at first inserted to tne bottom of 
the tube and then slowly withdrawn until 
the tube is filled to the 10 mark. 

Stopper to prevent evaporation (this is not 
necessary if the tube is filled exactly to the 
10 mark). 

Centrifuge for 30 minutes at 3000 revolutions 
per minute. 

The proportion of erythrocytes to the total 
volume of blood is read from the scale which 
reads from the bottom upwa rd_without-in-. 
eluding TKe buffy layer of Jeukocyres in the 
reading^. - 

Multiply by 10^ f or^yohim eper cent. 

If the blood is above the 10 mark, calculate 
the cell pack by dividing the height of the 
column of packed erythrocytes by the total 
heighf of the column of cells and plasma 
and multiplying the quotient by 100. 

Note the following: 

a. Color and opacity of plasma. 

1) Yellow in jaundice,y 

2) Milky in kpemia. / 

3) Cloudy in multiple myeloma,/ 

b. Reddish-gray layer of packed leukocytes 
and platelets (buffy layer). 

1) Normally 0.5 to 1 mm. in thickness. 

2) Each 0.1 mm. is equivalent to 1000 
leukocytes per c. mm. 

3) Platelets are on upper part of layer. 
Cleaning hematocrit tube. 

a. Attach a capillary pipette to a suction 
pump and place the tip through the blood 
to the bottom of the tube. 

b. Turn the suction pump on and hold the 
tube under running water. 

c. The suction not only withdraws _hlood_, 
fronTthnubeTiurdraws water into the 
instrument. 

<1. When dean, fill with cleaning solution 




Fic 4. Nomogram for Calculating Indices. 


Color lodes apply scale b. d. t. 

Volume lodes ...................... .......apply scale a. d. f. 

Saturation lodes apply scale b. d. e. 

Average Diameter of Erythrocytes .....apply scale a. c. f. 


Erythrocytes (in millions /mm’) 
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Rbc Hematocrit Hemoglobin 

(m millions/mm 3 ) Cm cc/100 cc) (in grams/100 cc) 



Mean Corpuscular Volume (M C. V ) apply scale a b c 

Mean Corpuscular Hemoglobin (M C. H ) apply scale a d f 

Mean Corpuscular Hgb Cone (M C H C 1 apply scale c e g 

Fig 5 Nomogram for Calculating Mean Corpuscular Values. 
{From Wintrobe’s “Clinical Hematology,” courtesy of Lea 
and Febiger, Philadelphia ) 
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and let stand overnight, rinse thoroughly 
first with tap •water and then distilled 
water 

c Invert the tube to dry or dry with 
acetone 

12 ‘Normal Values for Cell Pack 
a Men 40 J4%, average 47%. 
b Women 37-47%, average 42% 
c Average value for 5 million erythrocytes 
is 43% 

d Normal w omen m late pregnancy 
23-34% 

B, Volume Index (F.I. _). v/ 

1 This index indicates the mean volume of the 
average erv throe) te compared with the mean 
v olume of the normal cry throcyte 


C. 


1 

2 

3 


Mean Corpuscular Volume (M.C.V.) in 
cubic micron* is the mean volume of the 
average erythrocyte v 


Mcv a ?,r: 

R B C. in mill 

Use nomogram (Fig 5, p 43) for obtaining 
value 

Normal v alues range from 82 to 92 cubic mi- 
crons (average 87). 

See Tabic 7 for values in anemias 


III. Hemoglobin per Unit Volume of 
Erythrocytes. 

A. Saturation Index (S I.). s y / 

1 This index indicates the concentration of 


Table 7 Hemoglobin Content, Volume, and Size of Erythrocytes in Anemias 



‘See blood find ngs in disease page 9S 


2 

3 


4 

5 

6 


The cell pack and ery throcy te count must be 
determined 

The volume index is calculated as follows 


Use nomogram (Fig 4, p 42) for obtaining 
value 

The normal volume index vanes from 0 90 to 
1 10 

See Table 7 for values in anemias 


2 

3 


4 


hemoglobin per unit volume of erythrocytes 
relative to normal 

The color and volume indices must be known 
or the cell pack and grams of hemoglobin 
must be determined 

The saturation index is calculated as follows 
gm H gb 

15 1 Cell Pack or 
4} 

St — Color Index 
~~ Volume Index 

Use nomogram (Fig 4, p 42) for obtaining 
value 
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5. The normal saturation index is 1, it is never 
greater than 1. 

6. See Table 7 for values in anemias. 

B. Mean Corpuscular Hemoglobin Concentra • , 
non (M.CJI.C.) in per cent is the con- 
centration of hemoglobin in the average 
emhrocytej that is, the ratio of the weight 
of hemoglobin to the volume in which it is 
contained. 


120 r 


M.CH.C.= 


__ gm. Hgb. X 100 
Cell Pack 


■ 

i 

1 


s 


8 




'Maximum] 


Minimum] 


Normal 
1 1 limits 


1. Use nomogram (Fig. 5, p. 43) for obtaining 
value. 

2. Normal values range from 32 to 36 with an 
average of 34 per cent. 

J. See Table 7 for values in anemias. 

IV. Diameter, TTiicknees, and Yolnme 
Thickness Index of the 
Erythrocyte. 

A. Mean Corpuscu lar Diame ter ( M.C.D. or 
Pricc-Jones C ount) in microns* 

1. An ocular micrometer in which one division 
equals 1 micron is nec essary. • . 

2. Place the micrometer with the ruled surface, 
down on the diaphragm of the eyepiece of 
a microscope. 

a. The micrometer must be stan dardized with 
the eyepiece, oil immersion lens, and tube 
length of the microscope to be used. 

b. With a stage micrometer measure the dis- 
tance between the lines on the ocular mi- 
crometer which may be more or less than 
one micron for that particular microscope. 

3. Place a thin film of blood stained with 
Wright’s stain under the oil immersion lens 
and measure 100 consecutive erythrocytes to 
the nearest 0.5 micron. Do not measure any 
cell that is not round. 

4. Move to another part of the film and measure 
another 100 consecutive cells. 

5. Tabulate the cells counted into groups which 
differ by 0.5 micron and plot a curve. See 

Fig. 

6. Calculation of Mean Corpuscular Diameter. 

a. Multiply die number of cells in each group 
by the diameter of that group. 

b. The sum of the products obtained in (a) 
divided by the total number of cells count- 
ed will give the mean corpuscular diameter. 

7. Normal values range from 6.7 to 8 microns 
(average 7.5), 

8. See Table 7 and Fig. 6 for values in anemias. 


1 


1 

■ 


"-Mjcrocytic — 
| anemia 
i Macrocyt id 
anenm'- 


4 5.6 7 8 9 10 11 12 

Diameter in microns 

Fic. 6. Paics-JoNES Curve. 

B. Mean Corpuscular Thickness (M.C.T. ) in 
microns can be determined by the following 
formula: 

M.C.T.— jjr ~- smw 
V=Mean Corpuscular Volume. 

D=Mean Corpuscular Diameter. 

1. Normal average thickness of an erythrocyte 
is 2.0 microns. 

2. Average thickness in various anemias. 

a. Simple microcytic anemia — 1.60 microns. 

b. Macrocytic normochromic anemia — 2.20 
microns. 

c. Obstructive jaundice — -1.60 microns. 

d. Chronic hemolytic jaundice — 3.02 mi- 
crons. 

C. Volume Thickness Index (V.T.I.) is a ratio 
of the volume of the erythrocyte to a calcu- 
lated volume for the measured diameter of 
the erythrocyte. 

VT _ Volume Index 

Calculated Volume Index 

1. The calculated volume index is obtained from 
Fig. 4, page 42. It is the figure in column D 
corresponding to the measured mean corpus- 
cular diameter (Price-Jones) in column C. 

2. The normal volume thickness index is 1. 

3. This index remains practically normal in all 
anemias except chronic hemolytic jaundice 
in which it ranges from 1 to 3.5. 

V. Total Blood and Plasma Volume. 

A. Principle: A dye must be used which is non- 
toxic and nonhemolytic, disappears slowly 
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from the blood stream, is found only in the 
plasma (not m the cells), and retains its color 
after entering the blood stream. The dilution 
of the dye in the circulating blood plasma 
is measured and w ith the cell pack the circu 
lating volume of blood is calculated. 

B General Consuleration* 

1 Patient must be m a fasting state have rested 
lying down for 20 minutes before injecting 
the dye and remain lying down unul the last 
sample of blood is obtained 

2 Use only dry syringes and needles, taking all 
precautions to avoid hemolysis. 

3 Do not use a tourniquet while withdrawing 
blood 

4 No dye must be lost in the tissues daring in 
jecdon. 

5 A stop watch should be used for timing the 
injection of dye and the withdrawal of blood 

f It takes from 4 to 6 minutes for the dye to 
become thoroughly mixed with the blood 
therefore the blood should not be « ithdrau n 
for at least 4 minutes. 

C. Congo Red Method 

1 See general considerations (B) 

2 Weigh the patient and calculate the number 
of cc of a 1 5 per cent stenle solution of 
Congo red to be injected by using the fol 
lowing formula which has been determined 
by experiment 

We ght in lbs. , , 

^ = ee. to be injected. 

3 Withdraw 10 cc. of blood by venipuncture 
and place m a bottle containing the correct 
amount of dry ammonium and potassium 
oxalate and shake Label A. 

4 Without removing the needle from the vein 
change syringes and inject the proper amount 
of dje which should not exceed 18 cc. Draw 
blood back into the syringe 3 to 5 times to 
wash out the residual die 

5 In 4 minutes from the beginning of the m 
jecuon, withdraw 10 cc of blood from the 
opposte arm, using a clean dry syringe 
Place the blood in another bottle containing 
the correct amount of dry oxalate and shake 
Label B 

6 Determine the cell pack of blood A 

7 Place bloods A and B m each of 1 tubes and 
centrifuge. 

8 To prepare the standard, mix 2 cc of plasma 
A 2 cc. of a ! 200 dlution of the same 
Congo red solution used for injection, and 
4 cc of 0 85% NaCl solution. 

9 To prepare the unknown plasma, mix 2 cc. 

of plasma B and 6 cc. of 0 85% Nad soln 
non. 


10 

11 


12 


13 


Compare unknown plasma in the colorim- 
eter with standard set at 10 This reading is 
R in the calculation. 

Calculations 

Ptam Volume = D > e (co.) X ;00 X R 

in cc. 3 4 5 6 7 8 9 10 


Total Blood Volume — 
luce. 


Plasma volume (cc.) X ICC 
100 cell pack 
(plasma percent) 


Divide the plasma volume and also the total 
blood to) lime by the patient’s weight m kilo- 
grams to determine the values of each per 
kilogram. 

Normal Values 

a. Plasma volume is 35 to 50 cc. per kg 
b Total blood volume is 65 to 90 cc. per lg 
c. Total blood volume of males is about 
25% greater than females due chiefly to 
the h gher red cell volume of the male, 
w hile the plasma volume is approximately 
the same in both sexes 


D Evant liluc Dye Method 
1 Evans Blue dye, T 1824 (E.K. 3873) is used 
2. Dye solution (0 1%) 

a Weigh out 1 gram of dye on the analyti- 
cal balance. 

b Dissolve in triple distilled water and dilute 
to volume in a liter volumetric flask. 

c. Filter through a Jena or Pyrex sintered 
glass filter 

d. The amount of dye left in the filter tf 
ins gnificant and w-atcr should not be add 
ed in an effort to dissolve it. 

e. Place approximately 11 cc. portions of 
this solution in neutral glass ampules, seal, 
and immediately autoclave at 121'C. for 
20 minutes. 


Calibration on the Photoelectric Colorimeter 
a. Place exactly 10 cc. of the dye solution 
from an ampule in a 100 cc. volumetric 
flask, dilute to volume with 0 85% NaO 
solution, and mix. 

b Transfer 1 2 3 4 5, and 6 cc. of this dye 
solution to test tubes and dilute each to 
10 cc. with 0 85% Nad solution, 
c. Mix each thoroughly 
d Use pooled serum (40 cc ) free from 
hemolysis of erythrocytes for the remain- 
ing dye solutions and blank. 

1) The total protein and albumin content 
of the pooled scrum must be within the 
normal range because the quantity of 
protein present affects the photoelectric 
properties of the dye 

2) if the dye is used in rases presenting 
extreme pathologic changes in the com- 
position of the blood, the dj e solution 



HEMATOLOGY 


47 


should be standardized with serum 
from the patient in question. 

e. Transfer 0.6 ec. of each dilution of dye to 
colorimeter tubes, add 5.4 cc. of the pooled 
serum to each, and mix. 

f. Prepare a blank consisting of 5.4 cc. of 
pooled serum and 0.6 cc. of 0.85% NaCl 
solution. 

g. Adjust the galvanometer to 100 with the 
blank using filter No. 635 and then read 
each dilution of the dye. 

h. Repeat 3 or 4 times; then prepare a curve 
on semilogarithmic graph paper using the 
corresponding amounts or standard dye 
solution: 0.1, 0.2, 0,3, 0.4, 0.5, and 0.6 mg. 
per cent plotted against the average of the 
galvanometer readings. 

i make a table of the values in mg. per cent 
of dye for each division on the galvanom- 
eter. 

4. Procedure. 

a. See general considerations (B)* 

b. Withdraw 20 cc. of blood from a vein; 
place 17 cc. in a test tube to clot and 3 cc. 
in a bottle containing the correct amount 
of dry ammonium and potassium oxalate 
and shake. Label A. (Plasma may be used 
instead of serum.) 

c. Without withdrawing the needle, inject 
exactly 10 cc. of the dye solution with 
another syringe. 

d. The injection should take 30 seconds; 
draw blood back into the syringe about 3 
times and reinject to wash out the residual 
dye in the syringe. 

e. In exactly 10 minutes from the beginning 
of the injection, withdraw 20 cc. of blood 
from a vein in the opposite arm and place 
in a test tube to clot. Label B. 

f. Do a cell pack on the oxalated blood. 

g. Centrifuge the clotted blood samples A 
and B and remove the serum, then re- 
centrifuge the serum so that it is perfectly 
clear. 

n. Place 6 cc. of serum A and serum B in 
separate colorimeter tubes and read in the 
photoelectric colorimeter using filter No. 
635. Use serum A as the bunk to set 
the galvanometer at 100. 

I Calculation: 

1) Determine the mg. per cent of dye in 
the serum from the table of values. 

2) A correction of the concentration of 
dye in the blood must be made for 
the amount of dye absorbed by the 
tissues during the period from the in- 
jection of the dye to the withdrawal 
of blood. Add 1% of the mg. per cent 


of dye in the blood for the 30 minute 
0 period (and 0.1% for each additional 

minute if the blood is not obtained 
at exactly 10 minutes). 

3) Plasma Volume in cc. = 

10 (mg. of dye injected) X 100 
Cone, of dye in serum (corrected) 

4) Total Blood Volume in cc. = 

Plasma volume (cc.) X 100 
100 — cell pack 

5) Divide the plasma volume and the to- 
tal blood volume by the patient’s 
weight in kilograms to determine the 
valne for each per kilogram of body 
weight. 

5. Normal Values. 

a. Plasma volume for men 40 to 48 cc. per 
kg.; for women 37 to 46 cc. per kg. 

b. Total blood volume for men 70 to 85 cc. 
per kg.; for women 59 to 73 cc. per kg. 

E. Interpretation, of Blood Volume Findings, 

1. Increased Blood Volume. 

a. Due to increase in number of cells: 
Cardiac decompensation 
Erythremia (polycythemia vera) 

Leukemia (W.B.C.) 

b. Due to increase tn plasma: 

Cirrhosis of the liver 

Scurvy 

Splenomegaly 

c. Due to increase in cells and plasma: 
Exposure to moderate heat 
Hyperthyroi dism 

2. Decreased Blood Volume. 

a. Due to decrease in member of cells: 
Chronic nephritis 

Pernicious anemia 

b. Due to decrease in plasma: 

Dehydration due to severe bums. Astatic 
cholera, exposure to severe heat; and 
artificial fever. 

Prolonged exposure to cold 
Exposure to high altitudes 
Surgical shock 
Addison’s disease 
Diabetic addosis 
Erect posture 

c. Due to decrease in cells and plasma: 
Hemorrhage 

Myxedema (mostly cells) 

Preparation and Staining of Blood Smears 
I. Preparation of Blood Smears. 

A. Slide Method. 

I. Before using glass slides, clean with alcohol. 
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rinse in warm water, and wipe dry with a 
clean lint-free towel or gauze. 

2. Touch a perfectly clean grease-free slide to 
a small drop of blood, 2 mm. in diameter, 
taking care that the slide docs not touch the 
skin. (The drop of blood should be placed 
about 2 cm. from one end of the slide.) 

3. Place slide on a table and immediately place 
the end of another slide (spreader slide) 
against the surface of the first, holding it at 
an angle of 45° or more. (The angle of the 
spreader is important because this angle pre- 
vents the leukocytes from bunching along 
the edges ) 

4 . Draw it back against the drop of blood 
which will spread across the surface between 
the 2 slides. See Fig. 7. 

5. Push the spreader slide .slowly and steadily 
across the first and the blood will fojlow, 
making an even film. 

6. The thickness of the film can be varied bv 
the rapidity with which the slide is pushed, 
the slower the motion, the thinner the smear. 
A thin smear is essential. 

7. Dry rapidly by waving in the air; do not 
dry with heat. 

8. When dry, label with patient’s name by 
writing with pencil on the thick end of the 
blood smear. See Fig. 8. 

9. Lay slide with smeared surface down to pro- 
tect from dost and flics. 



Fin. ?. Pretabation or a Blooo Smear. 


Fig. 8 Satisfactory Thin Blood Smlab, Mjthoo or 
Labzunc and Examining Smear, 

10. Criteria of a Good Smear. 

a. Must have a smooth even surface, free 
from ridges, waves, and holes. 

b. Smear should not extend to the edges or 
to end of slide but should be at least 1 
to 2 inches Jong. 


c. The leukocytes must not be bunched at 
the edges or at the end. 

d. More than one half of the smear should 
be thin enough that the erythrocytes 
just touch each other but do not overlap 

e. The size of the ceils is influenced by tot 
thickness of the smear. 

1) The thinner the smear the larger the 
cells. 

2) For correct identification of cells, it 
is necessary to have a thin smear, 

B. Slide and Cover Glass Method. 

1. Touch a dean grease-free slide to a small drop 
of blood, 2 mm. in diameter, so it is about l 
inch from the end and near the edge of the 
slide. 

2. Apply a clean No. 2 cover glass (22 x 22 mm.) 
over the drop. 

3. As soon as the blood h3S ceased spreading 
underneath the cover class, place the tips of 
2 fingers on the cover glass and with the light- 
est possible pressure quickly slide the cover 
glass on the slide and off the edge opposite the 
drop of blood. 

4. This leaves a thin film of blood with a good 
distribution of cells, 

C. Cover Glass Method. 

1. Use No. I cover glasses (22x22 mm.) that 
have previously been cleaned in concentrated 
nitric acid, washed with hot water, and kept 
in alcohol until used. 

2. Dry 2 cover glasses with a clean, hnt-frec 
towel or gauze. 

3. One is held in each hand with rite thumb and 
forefinger at adjacent comers. 

4. A small drop of blood is touched with the 
cover glass held in the right hand. 

5. This cover glass is quickly placed on top of 
the cover glass in the left hand. 

6. After the blood has spread by capillary action, 
the cover glasses are drawn apart with a steady 
motion, care being taken to keep them parallel 

7. The drop of blood must be just large enough 
to cover the cover glass when spread. 

8. Dry film in air, 

9. Support cover glass on a cork smaller than 
the cover glass and stain. 

IL Staining of Smears. 

A. Wright's Slain. 

1. See page 3 S6 for preparation of Wright’s 
stain and buffer solution. 

2. Smears should be stained on the same da> 
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they are made 

3 Cover the dried blood smear with Wnght’s 
stain and let stand for 2 minutes The stain 
must not precipitate on the slide through 
evaporation 

4 Add an equal amount of buffer solution 
(pH 6 4), distributing it over the whole slide, 
none should run off the edges. 

5 The stain and buffer may be evenly mured 
by blowing gently on the surface. The mix- 
ture should show a brassy sheen. 

6 Let stand S minutes (To find the best anting 
each new batch of Wnght’s stain must be 
tested with vanous lengths of staining) 

7 Wash off stain by running a stream of water 
directly into the center of slide to prevent 
precipitation of stain on the blood film, con- 
tinue washing for 30 seconds 

8 Remove the film of stain from the hack of 
the slide by wiping with a cloth 

9 Stand slide on end and let dry in the air 

10 It is very important that the slides be watched 
and timed so the stain does not precipitate 

11 If the stain should precipitate, cover slide 
with 95% alcohol and wash off immediately 

12 If the stain is not deep enough, the shoe 
may be stained again 

13 Criteria of a Good Stain 

a Must be free of precipitated stain 
b The erythrocytes are orange or pink 
color, the granules of the neutrophils 
lilac, of the eosinophils bright red, of the 
basophils deep blue, and the platelets are 

K lish blue with a distinct architecture 
e stain is too acid, the erythrocytes 
are a bright red and the nuclei of the 
leukocytes pale blue to colorless 
d If the stain is too basic, the erythrocytes 
are a slate blue 

B Peroxidase Stain. 

1 See page 356 for preparation ol Washburn’s 
stain 

2 Smear must be stained within 3 or 4 hours 
after being made 

3 Cover the dried blood smear with Wash- 
bum’s stain and let stand 2 minutes 
4 Add an equal amount of freshly diluted hy- 
drogen peroxide to the stain and let stand 
3 to 4 minutes (To make the diluted hy- 
drogen peroxide add 6 drops to 25 cc of 
distilled water ) 

5 Wash thoroughly with tap water for 1 min- 
ute (The slide can be dried and examined 
at once if time prevents counterstainmg with 
Wright’s stain ) 

6 While still wet, flood with 95% alcohol and 
allow to stand 3 to 4 minutes, no longer 


7. Wash thoroughly with tap water and dry 

8 Flood with Wnght’s stain and allow to stand 
for 3 minutes 

9 Add twice the amount of buffer solution 
and allow to stand for 30 to 45 minutes The 
sbde must have a large amount of stain and 
buffer solution on it to prevent precipitation 
of stain Leukemic bloods require 40 to 45 
minutes. 

10 Wash bnefly with tap water, flood with 
95% alcohol for 3 to 5 seconds, and im- 
mediately wash with tap water for 10 to 15 
seconds. 

1 1 Dry and examine. 

12 All cells of the granulocyte senes except 
myeloblasts give the peroxidase reaction, 
that is, the granules stain deep blue to 
black Cells in the lymphocytic senes do 
not give the peroxidase reaction, while a 
few granules m the monocytes may give 
the reacnon 

13 Differentiate 100 leukocytes and calculate 
the percentage of cells showing peroxidase 
positive granules 

C. McCord's Method for Staining Basophilic 
Aggregations (stippling of erythrocytes) 

1 The blood smear must dry from 1 to 3 hours, 
but no longer 

2 Cover one half of the smear longitudinally 
with a stnp of filter paper 

3 With a pipette or dropper, apply the mini 
mum amount of methyl alcohol required to 
moisten the filter paper so that it clings 
to the slide 

4 Leave until dry and then remove the paper 
The methyl alcohol fixes the blood on this 
portion of the slide 

5 Cover the slide with diluted Manson’s meth 
ylene blue stain and leave for 10 minutes. 

6 Wash slide thoroughly 3 or 4 times with 
distilled water 

7 Dry in the air and examine 

8 Place a Whipple eyepiece micrometer in 
the microscope Instead of a micrometer, a 
piece of paper the size of the eyepiece with 
an opening 5 mm square cut m the center 
may be placed in the eyepiece This reduces 
the size of the field 

9 In the unfixed portion of the slide, count 
the basophilic aggregations in 10 consecutive 
fields in 2 parallel rows making a total of 
20 fields 

1 0 In the fixed portion of the slide, count all the 
erythrocytes in 5 consecutive fields and mul 
tiply by 4 (The areas counted in both the 
fixed and unfixed portions of the smear 
should be directly opposite each other ) 
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11. The basophilic aggregations are expressed 
as a percentage of erythrocytes. 

12 The outline of the cells in the unfixed por- 
tion of the slide are mere shadow's and the 
basophilic aggregations show up as masses, 
strands, or reticulum taking a blue stain 

13 In the fixed portion the erythrocytes arc a 
clear brilliant blue 

14 Normally 0 5 to 1 5 per cent of the erythro- 
cytes show basophilic aggregations when 
stained by this method 

15 In lead poisoning 1 5 to 4 per cent of the 
erythrocytes show- basophihe aggregations 

16 Diffuse poly chromatophtha, punctate baso- 
philia, and reticulocytes are stained by this 
method 

17 Stock M ms on's Stam 

Corax (sodium borate) 2-5 gm. 

Boiling distilled water 30 cc. 

MetisyW&t Uw \ gm. 

Dissolve the sodium borate in the boiling 
distilled water, add the methylene blue and 
filter Dilute before using 

18 Diluted Stain— add 1 cc, of freshly filtered 
stock stam to 20 cc. of a 0 3% solution of 
sodium chloride (Must be made the day it 
is used ) 

D. F'llal Staining for Retlculocyta 

1. Reticulocytes stain only while the cells are 
alive and do not stam m a dried smear 

2 One of two types of staining solutions may 
be used 

a. A 1% solution of brilliant cresyl blue in. 
0 85% NaQ solution. Warm slightly to 
dissolve stam and filter when cool 
b A 1% solution of brilliant cresyl blue in 
methyl alcohol Filter before using 

3 Wet Smear Method 

■a Fdtes a small drop of the saline dye so-* 
lotion on a slide and add an equal sized 
drop of blood from a prick of the finger 
or ear 

b Mix by stirring with a pin, then place a 
clean cover glass on the drop 
c. Seal with vaseline 

d Let stand at least 10 minutes before count- 
wg 

e This method can also be used by allowing 
a few drops of the alcoholic dye solution, 
to dry on a clean slide and tnen adding* 
a drop of blood and cover glass The slides 
with the dned stam can be kept and used 
at any time 

4 Dried Smear Method 

a Filter about 1 cc of the saline dye solution 
m a small test tube. 


b Fill a leukocyte pipette approximately half 
full of blood, then fill wuth staining solu- 
tion 

c. Shake to mix and let stand 10 minutes 
d Shake for 3 minutes, blow out 3 drops, 
and then make 4 thin smears as described 
under preparation of blood smear (slide 
method) 

e Counterstain with Wright’s stain, leaving 
the Wright stain on 1 minute and the 
buffer solution on 2 minutes 
f Dry in the air and examine. 

5 Counting Reticulocytes 

a. Place a Whipple eyepiece micrometer in 
the microscope Instead of a micrometeri 
a piece of paper die size of the eyepiece 
with an opening 5 mm square cut in the 
center may be placed in the eyepiece This 
reduces the size of the field 
b Count 1000 erythrocytes noting the num- 
ber of cells showing reticulum, which ap- 
pears as blue dots, filaments, skeins, of 
wreaths. 

N o_ol m.c^h,ed ctll, = % 

c. The total number of reticulocytes per c* 
mm of blood is obtained by making ail 
erythrocyte count and multiplying the 
result by the number of reticulocyte* 
counted and dividing by 1000 

6 Normal findings arc 0 5 to 1 5 per cent of 
25,000 to 75,000 per c. m 

7 An increase is considered one of the early 
signs of regeneration of erythrocytes by the 
bone marrow 

8 A count less than OJ per cent indicates art 
abnormally slow rate of production of eryth- 
rocytes by the bone marrow 

Examination of Blood Smears 
I. Method of Examination. 

A. Preliminary Examination, 

1 Look over slide with a high power objectw 
to locate best area to count. 

2 See criteria of a good smear, page 48 

3 See criteria of a good stain, page 49 

B. Method of Making a Differential Count 

1 Use the oil immersion lens for making thf 
count. 

2 Begin at the upper edge of the smear and 
move the slide down to the lower edge, mark 
mg down the type of each leukocyte that 
appears in the field. 

3 when the lower edge is reached, move the 
slide sideways for a snort distance, classifying 
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all the leukocytes seen while moving the slide, 
and then move it up. See Fig. 8, page 48. 

4. The number of cells to be counted and classi- 
fied should be determined by the total leuko- 
cyte count. The following is recommended: 
For counts up to 10,000, classify J00 cells; ifi 
any abnormal cells are seen count 200. 

For counts of 10,000 to 20,000, classify 200 
cells. 

For counts of 20,000 to 50,000, classify 300 
cells. 

For counts over S0.000, classify 400 cells. 

5. Any abnormality in the appearance of the 
erythrocytes should be noted. 

II. Differential Leukocyte Count. 

A. For Development o j Blood Cells see Fig. 9, 
page 57, 

B. Schilling classifies the granular cells ia 

groups according to their development. See 
Table 8. - . 


2. A low leukocyte count with an increase in 
band cells is considered a "degenerative shift 
to the left." 

3. A high leukocyte count with an increase in 
band cells, metamyelocytes, and myelocytes 
is considered a "regenerative shift to the left.” 

4. An increase in band forms indicates an in- 
fection; if the percentage is above 50, the 
infection is severe. 

5. A continued or increased shift to the left is 
unfavotabl vwhile a shiftback to normal Indi- 

H cates a good prognosis. 

6. A “shiftzto_the-nght,- _an increase in the per 
cent of older cells (hypersegmentation), oc- 

^curs in perrucious anerfua. 

E. Toxic Degeneration. 

1. Toxic granules, vacuoles, and basophilic cyto- 
plasm appear in neutrophils in infections. 

2. Toxic granules are dark blue, fine or coarse 
according to the severity of the infection. 


/Table 8. Schilling's Hemogram (Modified) 
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C. Arncth classifies the neutrophils according to 
their age, that is, according to the number pf 
lobes which their nuclei possess. 

1. One round or indented nucleus (youngest 
cell), 5 per cent. 

2. Two nuclear divisions, 35 per cent, 

3. Three nuclear divisions, 41 per cent. 

4. Four nuclear divisions, 17 per cent. 

5. Five or more nuclear divisions (oldest cell), 
2 per cent. 

D. Significance of Schilling and Arncth 
Counts. 

1. An increase in band cells and immature forms 
is called a "shift to the left.’* s 


3. If the degenerative index, which is the num- 
ber of cells showing toxic granules divided 
by the total neutrophil count, remains high, 
the prognosis is very grave. 

F. Normal Leukocytes . 

1. For detailed description of the cells see Table 
10 and for their absolute values see Table 8. 

2. Granulocytic Series. 

a. Polymorphonuclear Neutrophil. 

1) Band (nonfilament) cell (2 to 6 per 
cent). 

2) Segmented (filament) cell (50 to 70 
per cent). 

b. Polymorphonuclear Eosinophil (1 to 3 per 
cent). 
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c. Polymorphonuclear Basophil (0 to 1 per 
cent) 

3 Lymphocytes (20 to 40 per cent) 

Classify small and large lymphocytes together 
in the differential count. 

4 Monocytes (2 to 8 per cent) 

G. Abnormal Leukocytes* 

1. See Table 10 for a detailed description of the 
cells that normally appear in the bone mar- 
row but are abnormal when appearing in the 
peripheral 1 blood Ocher abnormal cells are 
described below 

2 In abnormal peripheral blood, the primitive 
cells found may vary a great deal from those 
found in the normal bone marrow 

3 Granulocytic Senes 

a Myeloblast (see Table 10) 

These cells vary in size, when 8-12 mi- 
crons they are called micromyeloblasts, 
and when 16 20 microns they are called 
macromyeloblasts 
Found in myelocytic leukemias 
b Protnyelocyte (see Table 10) 

Found m myelocytic leukemias 
c Myelocytejsct TabTe'lU) 

Found in myelocytic leukemias, marked 
leukocytosis, and pernicious anemia 
d Metamyelocyte (see Table 10) 

Increased m same diseases as myelocytes, 
e Toxic Neutrophil 

Nucleus and chroma tm-usually as in a 
normal neutrophil but sometimes may be 
pyknouc. 

Cytoplasm — stains blue 

Granules— basophilic, may be small and 
uniformly distributed or large and few 
in number 

Vacuoles— may be present in the cyto- 
plasm 

Found in severe infections 
f Doble’s Inclusion Bodies 
t) Occur in neutrophils 

2) Size of micrococci or little larger 

3) Vary in shape from pear, short rod, 
to coccal forms lying in pairs 

4) Found especially in scarlet fever, some- 
times in diphtheria, pneumonia, and 
leukemia. 

4 Lymphocytic Senes 

a. Lymphoblast (see Table 10 ) 

It is sometimes impossible to distinguish 
these cells from myeloblasts The predom 
mance of either lymphocytes or myelo- 
cytes on the slide is generally the distin- 
guishing point Found w lymphocytic 
leukemias 


b Rseder Cell 

Lymphoblast, myeloblast, or monoblast 
with a tabulated nucleus or 2 nuclei. Found 
in leukemias 

c. Prolymphocyte (see Tabic 10). 

Size — 11 to 20 microns. 

Nucleus — large, round, oval, or indented, 
usually contains nuclcoh 

Chromatin — trabeculae arc not as 
coarse as in lymphoblast. 
Cytoplasm— not as deep blue and slight!) 
more abundanr than in the lymphoblast 
Granules— azure granules rare. 

Found in lymphocytic leukemias, infec 
nous mononucleosis, and infectious hepa 
tins 

d Pathological Large Lymphocyte (15-20 
microns) 

1 ) Type I 

Nucleus — nearly nils cell, eccentric, 
markedly lobulared 

Chromatin — coarse, network of 
heavy strands. 

Cytoplasm — deep blue, vacuolated, 
foamy, mottled or stippled appearance. 
Granules — may have azure gran- 
ules. 

2) Type 11 

Nucleus — small and rarely tabulated. 
Chromatin — strands are very coarse 
with some dense masses 
Cytoplasm — less basophilic, fcvvei vac 
uoles, and smoother appearance than 
Type I 

Granules — none 

3) Type 111 

Nucleus — round or oval 

Chromatin — fine sieve like arrange 
ment similar to blast cells 
Cytoplasm — medium blue with vacu 
ofes 

Granules — none. 

Found in infectious mononucleosis and in 
fecaous hepatitis 

e Tarek’ s Irritation Cell (Proplasmacyte) 
Size — 12 to 20 microns. 

Nucleus — large, round, or oval, eccentn 
cally placed, and taking a deep purplish 
red stain. May or may not have nucleoli- 
Chroma tm— homogeneous 
Cytoplasm — dense, opaque, deep blue cy 
toplasm with a perinuclear light area 
Vacuoles — often present. 

Granules — none 

hound m plasma cell leukemia, multiple 
myeloma, and rubella. 
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Note: Some hematologists beliere that 
there is a separate plasmacy tic series, 
while others believe the Tiirek’s ir- 
ritation cell (proplasmacyte) and 
plasma cell (plasmacyre) are de- 
rived from the lymphoblast. Those 
believing in the plasinacytic series 
call a cell similar to Turck’s irrita- 
tion cell, bat having a finer chro- 
matin structure with definite nu- 
cleoli in the nucleus and without a 
perinuclear light area, a plasmablast. 
f. Plasma Cell (Plasmacyte). 

See note under Turct’s irritation cell. 
Size — 8 to 20 microns. 

Nucleus— eccentric and smaller than that 
of Turclc’s irritation cell. 

Chromatin — arranged in clumps like 
spokes of a wheel. 

Cytoplasm— similar to Tiirck’s cell but 
usually not as deep a blue. 

Granules — none. 

Found in plasma cell leukemia, other leu- 
kemias, multiple myeloma, rubella, and 
chronic infections. 

5. Monocytic Series. 

a. Monoblast (see Table 10). 

b. Promonocyte (see Table 10). 

Found in monocytic leukemia. 

6. Degenerated Forms. 

a. These consist of bare nuclei from rup- 
tured cells and vacuolated leukocytes. 

b. Smudges are fairly well preserved nuclei 
without cytoplasm, irregular in outline, 
stain violet, and range from 12 to 20 mi- 
crons in diameter. 

c. “Basket cells” consist of a coarse network 
of strands of palely stained nuclear sub- 
stance more than 20 microns in diameter. 

H. Megakaryocyte Series . 

I. Megakary oblast. 

Size — 40 microns or more. 

Nucleus — large and irregular, finely reticu- 
lated with distinct nucleolus. 

Chromatin — finely reticulated. 

Cytoplasm — light blue and small amounr. 
Granules — none. 

2. Megakaryocyte. 

Size — 40 microns or more. 

Nucleus — diffusely stained, indented or lobu- 
lated. 

Chromatin— arranged like the weave of a 
basket. 

Cytoplasm — basophilic. 

Granules — distinct azurophilic. 

J. Platelets ( thrombocytes ). 

a. Spheric or ovoid reddish to violet bodies, 
2 to 4 microns in diameter. 


b. Usually appear clumped in masses of 2 to 

20 . 

c. Only a rough estimation of an increase, 
decrease, or abnormal size can be made 
from a routine blood smear. 

d. A special technique is necessary to count 
platelets because they clump or break up 
as soon as they come in contact with air. 

e. See method for counting platelets on 
page 85. 

HI. Erythrocytes (Wright’s Stain). 

A. The normal erythrocyte (normocyte) is a 
biconcave disk, varying from 6.7 to 80 mi- 
crons in diameter. 

1. The central, thinner area stains paler than the 
periphery. 

2. The cell is acidophilic and with proper stain- 
ing appears orange or pink colored. 

B. Abnormal Erythrocytes. 

1. Variation in Size — Anisocytosis (report 1 to 
4 plus). 

a. Microcyte-very small erythrocyte (6.7 
microns or less). 

b. Macrocyte — abnormally large erythrocyte 
(8 to 12 microns). 

c. Aiegaiocy te— extremely large erythrocyte 
(12 to 25 microns). 

d. Srbizocyres— fragments of erythrocytes 
(2 to 3 microns). 

2. Variation in Shape (report 1 to 4 plus). 

a. Foihlocytes are very irregularly shaped 
crythrocy res. Their presence indicates 
blood destruction. They are not to be 
confused with a slight distortion which 
sometimes results from too much pressure 
while making the smear. 

b. Spheroid cells are thicker than normal and 
are found in chrome hemolytic jaundice. 
They hemolyze more readily than normal 
cells in hypotonic salt solution. This de- 
fect of the erythrocytes is hereditary. 

c. Elliptical or oval cells ore elongated cells 
with rounded ends occurring in normal 
individuals of both the white and the col- 
ored race as an inherited trait. They do 
not increase in moist preparations. They 
are increased in anemias occurring in peo- 
ple having this hereditary trait. 

d. Sickle cells are sickle-shaped with sharp 
points and arc best seen m a moist drop 
preparation. They are found exclusively 
in Negroes and about 8 per cent of that 
race inherit this trait. Sickle cells are found 
in anemias occurring in people with this 
hereditary trait. 
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1) Capillary Method 

a) Place a tiny drop of blood on a 
slide, cover immediately with a 
cover glass, and seal with vaseline 

b) Place m a 37 *C. incubator for 18 
to 24 hoars 

c) Examine with the high power ob- 
jective. 

d) The erythrocytes in persons with 
tlus hereditary trait will take a 
sickle shape 

e) This test is used to distinguish sic- 
kle cells from elliptical cells. 

f) In order to hasten the formation of 
sickle cells a rubber band may be 
placed around the proximal portion 
of the finger and allow ed to remain 
5 minutes before puncturing the 
distal end Make a moist preparation 
as described above. About 70 per 
cent of cases harboring the trait 
will show sickling at the end of 1 
hour, the other 30 per cent will not 
show sickling until later 

2) Venous blood method 

a) Place 2 cc of 10% formalin saline 

solution in a small test tube 
Neutral formalin 10 cc. 

Distilled water 90 cc. 

Sodium chloride 850 mg 

b) Cover with a layer of mineral oil 

c) Rinse a 5 cc. syringe with mineral 
oil 

d) Place a stenie needle on the sy nngc 
and withdraw 2 cc of blooa from 
a vein. 

c) Leaving the needle on the syringe, 
immediately deliver 1 cc. of the 
blood below the layer of oil in the 
test tube 

f) Mix well by stirring with a glass 
rod 

g) Let stand 10 minutes 

h) With a capillary pipette remove a 
small drop of the blood mixture, 
place on a slide, and cover with s 
cov er glass. 

i) Examine for sickle cells with the 
high power or oil immersion ob- 
jective of the microscope 

j) Sickle cells are found in cases of 
sickle cell anemia by this method, 
but only a rare sickle cell is found 
in persons who have only the sickle 

./cell trait. 

e. Target cells are abnormally thm erythro- 
cytes which have a tendency to buckle 
and present a bulls eye appearance in 


stained smears. They r show a peripheral 
nng of hemoglobin separated by a clear 
unstained zone from a dense center They 
arc more resistant to hypotonic NaG so- 
lution than normal erythrocytes. 

3 Variation m Hemoglobin Content (report 1 

to 4 plus) 

a. Norrnochromta — normal amount of hemo- 
globin 

b Hyperchromia — excess of hemoglobin 
which is probably due to increase in size 
of cell instead of increase in concentration 
of hemoglobin Seen in macrocytic ane 
mi as 

c Hypochromia — the central pale area of 
the erythrocyte is larger and paler In 
extreme instances the cells become mere 
rings (pessary forms) Seen in iron de- 
ficiency anemias. 

d PolychromatophiUa — cytoplasm stains 
from a faint bluish tinge to a rather deep 
blue when severe Sometimes only a part 
of a cell is affected It is a sign of youth 
of the cell, due to retained basophilic 
substance of an earlier stage It is seen 
only when y oung cells are being quickly 
produced and rapidly discharged from the 
bone marrow and is evidence of blood 
regeneration. 

4 Nucleated Erythrocytes 

a Report number of nucleated erythrocytes 
per 100 leukocytes in the differential 
count 

b Me gala blast (see Table 10) 

Very rare but found with rapid cell re- 
generation in fatal pernicious anemia, 
phenylhydrazme poisoning, severe anemia 
m infants, and acute leukemias. 

c. Erythr oblast (see Table 10) 

Found m Cooley's anemia, in erythro- 
blastosis fetalis, and in leukemias 

d. Normoblast (see Table 10) 

Found in rapid red blood cell regeneration. 

5 Suppling 

a. Basophilic — dark blue granules ranging m 
size from the limit of microscopic vision 
up to 1 micron in diameter which are seen 
in the erythrocytes 

1) Some cells exhibit polychromatophiha, 
because the granules may be so fine 
that the cell appears dusted with them- 

2) Report 1 to 4 plus, one representing 
a very few stippled cells on the slide 
and four the presence of stippled cells 
m every oil immersion field. 

3) For special staining see page 49 

4) Found in cases of lead poisoning, se- 
vere anemias, leukemias, and malignant 
tumors. 
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b Azurophilic — reddish purple granules 
which are occasionally seen in erythro- 
cytes. 

c Malarial — fine purplish red granules 
Found in erythroc) tes containing malarial 
parasites. 

6 Reticulocytes 

a. Cells having dark blue filaments, skeins 
wreaths, or dots when vitally stained with 
cresyl blue 

b For staining method see page 50 

c. They are easily stained if the staining is 
done while the cell is still alive, but do not 
stain in the usual dried smear 

d. They are usually larger and paler than 
normal adult erythrocytes 

e Interpretation 

1) They are immature erythrocytes and 
represent a stage of development be 
tween the normoblast and adult cell 

2) Normal blood has 0 S to 1 5 per cent 

3) A decrease m reticulocytes is charac 
tenstic of aplastic anemia 

4) They are increased in chronic hemo- 
lytic jaundice, sickle cell anemia, Coo 
ley’s anemia, myelocytic leukemia, 
and metastatic malignant disease of the 
bone marrow 

5) A marked increase occurs in anemias 
of infections such as malaria typhoid 
fever, brucellosis, and pneumonia also 
in intoxications such as lead or benzol 
poisoning 

6) A temporary marked increase occurs 
following acute hemorrhage and in 
spontaneous remissions of pernicious 
anemia 

7) Often a mild increase occurs after a 
transfusion 

8) A transient sharp nse in the reticulo- 
cyte count begins 2 to 6 days after the 
institution of specifically effective 
therapy (liver, iron folic acid or 
vitamin C) and lasts 3 to 7 days The 
height of flic reticulocyte peak depends 
not only on the adequacy of the dose 
and the activity or the therapeutic 
agent but also on the initial level of the 
erythrocyte count. See Table 9 

9) There is a marked increase after spie- 
ls nectomy 

7 Jtfoivell~ folly Bodies 

a. They are retained spherical nuclear para 
cles about 1 micron in diameter and stain 
deep blue 

b. There may be one or more bodies in a 

. \ cell and are usually in the periphery of 

^ the cell. 


Table 9 Reticulocyte Response d, Treatment 
(after Haden) 


Initial 

RBC 
(null ons) 

[Average reticulocyte peak in per cent 

With adequate 
oral 

treatment 

With adequate 
in tramuscular 
treatment 

05 10 

55 

56 8 

10 15 

35 

400 

15 20 

22 

280 

20 25 

14 

2 SO 

2 5 30 

8 

19 0 

30 35 

3 

64 

over 3 5 

1 

1 8 


8 Cabot Rings 

Va. These were originally thought to be rem- 
nants of the nuclear membrane with the 
nuclear chromatin dissolved from within 
them. 

b They are seen as rings or figure eight 
shaped structures which stain red or red 
dish purple 

c. They are now considered to be artefacts. 

d. May be found in hemolytic or toxic 
anemias 

Examination of Bone Marrow 
I. Sternal Puncture. 

A. Obtaining the Specimen* 

1 Aseptic precautions arc used throughout the 
procedure 

2 Paint an area of skin over the middle of the 
sternum with tincture of iodine and then 
wash with 70% alcohok 

3 Infiltrate with 1% novocaine an area of skin 
just below the junction of the body of the 
bone with the second nb 

4 Continue to inject straight down to the 
sternum so the infiltration includes the pen 
osteum over the bone 

5 After anesthesia is complete, an 18 gauge short 
needle (sternal puncture needle) with the 
stylet in place is inserted at an angle of about 
45 degrees until it .reaches the periosteum 

6 The pressure on thqfneedle is continued until 
it enters the bone marrow 

7 The stylet is removed and a 10 cc syringe 
is connected to the needle 

8 Section is made with the syringe and about 
0 3 cc of grayish bone marrow with blood 
from the sinusoids is aspirated 

B Making Smears 

1 Place small drops of the marrow on glass 
slides and smear the same as for blood smears. 

2 Stain with WnghPs stain, leaving the stain 
on 2 minutes then add buffer and stam for 
10 minutes. The smears should be stained 
longer than peripheral blood smears 



10 Morphology of Blood Cells (Wright Stain) 

































58 


MANUAL OF CLINICAL LABORATORY METHODS 



Maturation in Erythrocyte Sene* 

1 Megaloblasts Nucleus is broken up in appearance and dark porple m naming reaction. Cytoplasm u deeply 
basophilic, irregular in naming with clear zones of lighter color toward the center 

2 Erythroblasts Nucleus is more condensed but still broken np in appearance and darkly naming with coarser 
clomps of chromatin. Cytoplasm is less basophilic, though varying amounts of bluish color are soil present, at the 
periphery definite reddish hemoglobin color is apparent through the basophilia. 

3 Normoblasts Nucleus is dense and pylmonc, in many instances fragmented and occasionally partly extruded. 
Cytoplasm is the usual reddish color of hemoglobin, the basophilia having almost completely disappeared 

4 Polychromatopbihc erythrocytes or polycbromatocytet Young erythrocytes, still retaining some of the baso- 
philic staining reaction with the reddish hemoglobin background, a multicolored appearance results and therefore 
the name. 

5 Punctuate basophilic suppling , with black to blaish granules in the cells. This is usually seen in revere anemia 
and in tone disturbances 

6. Hypochrormc erythrocytes The concentration of the hemoglobin is deficient, usually indicating iron lack or 
interference v. ith hemoglobin synthesis. Cells often have only a ring of hemoglobin at the periphery, and usually 
are small 

7 Cabot rings Remnants of nuclear membrane appearing as circles or fignres-of -eight in the cells. 

i Howell-Jolly bodies Nuclear remains of varying size, staining dark blue or black. 

9 Reticulocytes Young forms of erythrocytes, staining characteristically with a vital dye, such as cresyl blue, 
before countetstainsng with Wright’s The reticulum, a fine network of bine or purple threads, may be coocen 
trated in the center of the cell or spread out diffusely, occasionally u will appear almost punctuate w character 

10 Normal mature erythrocytes or normocytes Cell* are about 7 microns in diameter and contain enough hemo- 
globin to give the whole cell a pinkish red stain except at the biconcave center where very little stain is evident. 

11 Pyknouc erythrocyte An artifact often produced by faulty fixation or staining of blood films. 

12. Macrocytes and microcytes Cells larger and smaller, respectively, than normal. 

13 Poskiloeyter Cells of abnormal shape, most commonly tailed forms. 

14 Sickle celts Cells pulled out of normal shape into sickled form. This trait is found almost exclusively in 

Negro blood, it is best produced by depriving susceptible fresh cells of oxygen or exposing them to carbon dioxide. 

(Kites I V from Blackfan, Diamond, and Leister’s “Atlas of the Blood in Children,” courtesy of the Commonweal ih 

Fond. New York City ) 
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Maturation in Myeloid Series 

1-0 Myeloblasts Nucleus u large with cue or more nucleoli, «n occasional nucleus is in process of division. Cyto- 
plasm is scant and intensely basophilic 

7 8 Myelocytes type “A" or promyelocytes Nucleus is mote condensed Cytoplasm has beginning nonspecific 
dark gianohraon, often edging over the nucleus 

9 13 Myelocytes type "B,” showing increasing maturity Nucleus fa smoother more condensed, with no msdeoh- 
Cytoplasm is more abundant; with Jess basophilia, granulation u still dart and nonspecific, often partly covering 
the nucleus. 

14 IS Myelocytes type “C," srtetamyelocytet, or late myelocytes Nucleus is often indented Cytoplasm U fair!) 
light blue m staining dart, coarse granulation being replaced by fine neutrophilic granulation. 

16-19 Eosinophilic myelocytes Cytoplasm conains large granules of eosinophilic type, filling the cell and often 
■ovenng and obscuring the nucleus, which is generally round and light staining 

20-23 Easopbthc myelocytes Nucleus is undifferentiated, light staining Cytoplasm is filled with large, heavy, dart 
Mae to black granules often partly covering the nucleus 



PLATE 2 
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KEY TO PLATE 3 


Maturation in Myeloid Series — (con tinned) 

I 3 Young neutrophds, also called early, band form or nonsegmented neutropbth Nucleus Is condensed and 
beginning to tabulate. Cytoplasm contains full complement of neutrophilic granules. 

4 -6 Adult neutrophils Nucleus has two lobes Cytoplasm is packed with granules 
7-8 Adult neutrophils Nucleus has three lobes 
9 10 Adult neutrophils Nucleus has four or more lobes. 

11, 12 Agmg neutrophils Nucleus has multiple lobulation. Cytoplasm contains sparser granules and some vacu 


13,14 Degenerated neutrophils artifacts Old and fragile cells disrupted in smearing process 
13 16 Adult neutrophils Cytoplasm contains larger but fewer granules which stain heavily — so-called toxic g™ 
nles — and some vacuoles. This type of cell is common in severe infections and Intoxications. 

17 Young eosmopbit Nucleus is not lobulated as yet. Cytoplasm is packed with large eosinophilic granules. 
18-21 Adult eosmophds Nucleus usually has two or three lobes. Cytoplasm is filled with typical granules. 

22 Aging eosmopbtl Vacuolization in cytoplasm is beginning 

23 Agmg eottnopbil Old and fragile cell disrupted m smearing process 

24-26 Basophils Nucleus usually has two or three lobes. Cytoplasm is generally filled with very large blue-blad 
granules. 




. 
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KEY TO PLATE 4 
Afacnoaon fa Lymphoid Senes* 

«£ “ nror ‘ “ °“"°°* «■*» »«■!««« -J W 

ch'Lm’cpJSIlhS ytilS bk“ d ™ “ ” n, ' wh3! M* ttmtotc}' to tpofc a. taasmm ol 

■^ttSttsssa: ssss^yy *■* • b ” a ” 1 » a * d - w »* — • 

reddish graonle* ljm{,bPCytei 1>fuclei “ “ condensed Cytoplasm u moderate m amount, occasionally containing 

17 Erv^llr km * boe * w Nwtaa B «**»*. Cytoplasm s scanty and dear blot. 

17 Erythfocytej, for comparison of nze. 

some Venesu* ooiTcif ^rh rom i ,1 ***“ m ° st fr *P e ady in Infections mononucleosis. Nucleus u dense with 

molds itself sto and IdpCO* e5ls » 1 dS/| »>* “"Pjj 'Jp » J J 

sen r . . ' .. * 1 8 ni bloe , denser at margin, and may contain some reddish granules 



PLATE 4 
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KEY TO PLATE S 

Maturation m Monocyte and Thrombocyte Senes 

1-4 Monoblasts Large cells with relatively small amount of cytoplasm showing moderate basophilia. Nadeus h 
large and loose in structure but stains /airjy evenly, one or more vocleob 

5 J4 Monocytes Nucleus has fine chromatin network, and is often horseshoe or kidney shaped Cytoplasm u 
abundant and stains a 1 ghr gray blue lr contains fine reddish blue granules, mostly toward periphery, occasionally 
granules are darker and more abundant, as in 7 9 and 10 often there is a clear zone In the cytoplasm at the “h°‘ 
or indentation of the nucleus Occasionally there are vacuoles, evidence of active phagocytosis, at the periphery 
of the cytophsm, assn 14 e e / 

15 19 Mononuclear phagocytes, endothelial phagocytes, or closmatocytes, the largest cells ordinarily found m die 
peripheral blood Nucleus is eccentrically placed Cytoplasm is finely granulated and contains many vacuoles ol 
all sizes, often filled With ingested material it stains fight blue. 

20 Erythrocytes, for compansotj of size. 

Zl 25 Megakaryocytes These cells are very rarely found in the peripheral blood. Nucleus is dense, often icty 
“ *• ™' n0 8 tM ®“ appearance Cytoplasm is light blue wnh dark purple masses of granules and no visile cellular 
membrane, it often trails in long pseudopods, as in 25, and masses of platelets break off and axe scattered as individual 
platelets. r 

24 Platelets or thrombocytes 




MANUAL Or CLINICAL LABORATORY METHODS 


II Differential Cell Count in Bone Marrow 


A formal Range 

Percent 

Myeloblasts 0 “ 5-0 

Pron jclocytes 1 to 8 0 

Myelocytes (neutropl ils) J to 200 

Myelocytes (eosnopl It) 0 to JO 

Myelocytes (basopl Is) 0 to OJ 

Metamyelocytes (neutrophls) S to 10.0 

Metamyelocytes (eos nopl ils) 0 to 2 j0 

Metany locytes (basophls) 0 to 0J 

Band (neutropl Is) 1J to 3J 0 

Band (eos noph Is) 0 to 2 Jj 

Band (basopl Is) 0 to OaS 

Segmented (neutrophls) 7 to JO 0 

Segmented (eos opl Is) 0 to 40 

Segmented (basophils) 0 to 07 

Lymploeytcs 4 to 1 6.0 

Monocytes 0 to 50 

Megalot I sis 0 to 2.0 

Erytl roblasts 1 to 120 

Normoblasts 5 to 2JO 

Megatar c tes 0 to 20 

Plasn a cc Is 0 to 1 0 

Ret cul cv es 1 to JO 


The non al n yeloid crythrotd ratio m the 
‘•dulc ranges from 4 or 5 to 1 

B Pathological T tnduigs 

1 In the leukemias there is a marl ed predomi 
nance of immature leukocytes (granulo 
cytes lymphocytes or monocytes) with a 
correspond ng decicasc in the erythrocyte 
senes 

2 In agranulocytosis there is a maturation ar 
rest of tl e granular cells at the myelocyte 
stage 

3 In infectious mononucleosis there is a my e 
loid hyperplas a and immaturity without any 
of the typical pathological lymphocytes 
found m the peripheral blood 

4 In pernicious anemia in pernicious anemia 
of pregnancy and in the anemias of ex 
tremc malnutrition and of sprue there is an 
increase of megaloblasts 

5 In hemorrhagic hemolytic iron deficiency 
and sicl Ie cell anemia there is an increase of 
erythrobiasts and normoblasts 

<> In Cooley s anemia there is a hyperplasia with 
the erythrobiasts predominating although 
there is also an increase m myeloid and mega 
karyocy rc formation 

7 In some cases of aplastic anemia there is a 
quantitative decrease of all cells of the mar 
row with the differential count remaining 
essentially unchanged while in others there 
is a normal or increased number of cells 
the latter type of marrow ret cals a good 
prognosis 

8 In active polycythemia there is a hyperplasia 
especially of the erythrocytic elements but 


also of the granulocytes and megakaryo- 
cytes 

9 In primary thrombocytopenic purpura there 
is an increase in megakaryocytes 

10 In Gaucher s disease typical Gaucher cell* 
may be found on careful search They are 
large, pale, round or polyhedral, single or 
muftinucleated cells with parallel wavy fibrils 
in the cytoplasm 

Blood Parasites 
I Malaria 

A Identification of Species (see Tabic II) 

1 It is best to examine blood tal cn during the 
period 10 to 12 hours after the chill to sev 
oral hours before the chill Sec Tig 10 

2 Thin Smears 

a Regular blood smears are made and stained 
longer than the regular staining time with 
Wright s stain 

b Thin smears are better for studying the 
morphology of the parasite 
c Blood platelets lying on cry throcy tes mus* 
not be mistaken for malanal parasites 

3 Thick Smears (for preparation see B) 

a A relatively large quantity of blood is 
placed in a small area on a slide and stained 
with Gicmsa s stain so that the hemoglobin 
is dissolved from the erythrocytes making 
it sufficiently transparent for examination 
by transmitted light 

b Die organisms stain the same as in thin 
films but do not appear in erythrocytes 
only parasites leul ocytcs and platelets 
arc stained 

f? /‘'reparation ami Staining of Tfctc! 
Smears 

1 Use new slides which liave been thoroughly 
cleaned and are free from grease dust acid 
or alkali 

2 Cleanse the skin of the finger or lobe of the 
ear with gauze soaked in alcohol 

3 Rub dry w ith sterile gauze 

4 Prick the skin deep enough to allow the 
blood to well up in a large drop under gentle 
pressure. 

5 Touch the surface of the slide to the crest 
of the large drop of blood and without 
losing contact with the drop of blood or 
touching the skin, move the slide in narrow 
circles in the blood until a smear about the 
size of a dime is made 

6 Ordinary printing can just be read through 
the wet center of a smear of proper thick 
ness 

7 Lay the slide flat to dry and cover with the 
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top of a Petri dish to protect from dust and 
insects 

8 Let dry 8 to 12 hours at room temperature 
or 30 minutes in a 37*0. incubator 

9 Giemsa s Siam 

a Use buffered distilled water having a pH 
of 7 0 to 7 2 for diluting the stock Giemsa 
solution and washing the smear 
M/15 NazHP0 4 * 3 3 cc 

M/15 NaHjPOi* 1 7 cc 

Distilled water 45 0 cc 

'See page 259 

This buffered water must be made fresh 
each week and should give a greenish 
blue color when a drop of bromthymol 
blue indicator is added to a few cc of it 
b Add 0 3 cc of stock Giemsa s solution to 
15 cc of buffered distilled water 
c Cover smear w ith stain and let stand for 
45 minutes 

d Pour off stain, add buffered distilled wa 
ter and let stand 3 to 5 minutes 
e Pour off water and let dry by standing 
slide on end 

f The cvtoplasm of the malarial organism 
stains blue and the chromatin a purplish 
red 

g The background of the smear is a mottled 
pale gray to blue gray 

10 Field's Stain 

a Solution A 

1) Dissolve I 3 gm of medicinal methyl 
ene blue and 5 gm of anhydrous 
Na->HP0 4 in 50 cc of distilled water 

2) Bring to a boil and then evaporate 
on a water bath almost to dryness 

3) Add 6 25 gm of anhydrous KH 2 P0 4 
and 500 cc of distilled water, stir 
until the stain is completely dissolved 

4) Set aside for 24 hours and niter before 
using Solution I eeps well 

5) The boiling and evaporating process 
may be eliminated by using the fol 
lowing formula 

Unna s polychrome methylene 


blue 5 00 gm 

NazHP0 4 (anhydrous) 5 00 gm 

KH->P0 4 (anhydrous) 625 gm 

Distilled water 50000 cc 


a) Dissolve the phosphate salts in the 
water and add the dye 

b) It xs ready for immediate use after 
filtering 

b Solution B 


Eosin or erythrosm 1 00 gm 

Na 2 HP 0 4 (anhydrous) 500 gm 

KHzP 0 4 (anhydrous) 6-25 gm 

Distilled water 50000 cc 


1) Dissolve the phosph^e salts in the 
water and then add the dye 

2) Filter before using Solution keeps 
well 

c The thick smear may be stained as soon 
as it appears dry and does not need to 
be dried for a long period of time 
d Dip smear into Solution A for 1 second 
c Rinse by waving gently in clean water 
until the stain ceases to flow from the 
film and the glass of the slide is free from 
stain (a few seconds) 
f Dip into Solution B for 1 second 
g Rinse by waving gently for 2 or 3 sec 
onds in clean water 

h Place vertically against a racl to drain 
and dry 

i The malarial organisms are better pre 
served by this staining method, the cyto 
plasm stains blue and the chromatin stains 
dark purplish red 

j The background of the smear is a 
creamy yellow color, sometimes mottled 
with pale blue 

C Life History of Parasite 
1 Asexual Cycle in Man (Schizogony ) 
a Trophozoite Stage 

1) Hyaline tody — foimed when a mero 
zone or sporozoite enters an crythro 
cy te 

2) Signet ring form — a ring of cytoplasm 
surrounds the h) aline body and con 
tains a dot of chromatin 

3) Amoeboid form — the ring form er» 
larges becomes actively motile, and 
pigment granules appear 

b Schtzont Stage 

1) Presegmented forms — the amoeboid 
form becomes compact with scalloped 
or irregularly notched edges The 
chromatin divides into a number of 
masses and the pigment may or may 
not be clumped 

2) Segmented forms — a definite namber 
of spores are formed (nierozoi(es) and 
each contains a small chromatin mass 
while the pigment between the mero- 
zoites is arranged m masses near the 
cenrer 

3) The erythrocyte ruptures, the mero 
zoites enter other red blood cells and 
the cycle is repeated while the pig 
ment is tal en up by the monocy tes 

4) The length of the cycle depends on 
the species see Fig 10 
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(From Holding's “Textbook of Clinical Parasitology," courtesy of 
D Appleion-Ccnrury Company, New York City ) 


2. Sexual Forms m Man 

a After several generations of merozoites, 
some develop into sexual forms called ga- 
metocytes, the male are called micro- 
gametocytes, the female, macrogameto- 
cytes 

b They take twice as long as asexual forms 
to mature in the erythrocyte and after rup- 
nire of the cell remain free in the plasma 
for a long time unless taken by’ a mosquito 
in feeding 1 

3. Sexual Cycle tn Mosquito (Sporogony). 

a. In the stomach of the mosquito, the macro- 
gamctocyte by casting off the polar body 
becomes a macrogamete and the micro- 
gametocyte throws out 4-6 very motile 
thread-like filaments which are micro^a- 
metes. 


b. The macrogamctc is fertilized by a nucro- 
gamete and then is a zygote. ^ 

c. It becomes actively motile (ookinete) ana 
penetrates the stomach mucosa where it 
forms a spherical oocyst. 

d. The oocyst enlarges forming thousands 
of sporozoites 

e. When the oocyst ruptures, the sporozoites 
invade the body of the mosquito and 
migrate to the salivary glands from w hicn 
they are injected into man 

f. This cy’cle requires 12 days. 

D. Laboratory Findings in Acute Malaria. 

1. Parasites found in thin and thick smears of 
blood. 

2. Leukopenia with an increase in monocytes 
(afebrile period). 
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Table II Principal Differential Points of Malaria (Stained Smear/ 



Plasmodium vivax 
(benign tertian) 

Plasmodium mahnae 
(quartan) 

Incubation period 

10 to 12 daj s 

18 to 21 days 

Period of asexual 
development 

48 hours 

72 hours 

Infected erythrocyte 

1 Larger than normal paler' 
staining often bizarre m shape 1 
Schuffner s dots (red granules) 
very often present Multiple 
infection common 

Normal or slightly smaller 
Sometimes brassy in appear 
ance Ziemann s (fine pink) 
dots rare Multiple infection 
very rare 

Signet ring 

(young trophozoite) j 

Small and large rings of 
light blue cytoplasm 

Usually one heavy red chro- 
matin dot 

Ring vmalfer thicker heavier 
and deeper blue than P vivax 
Usually one large redchromatin 
dot 

Growing trophozoite ' 

! 

Cytoplasm I ght blue irregular 
with vacuoles Chromatin in 
red dots or threads Fine >e) 
low brown pigment in cyto- 
plasm 

Cytoplasm deep blue compact 
oval band or ribbon like 
Chromatin in red dots or 
threads Coarse dark brown 
pigment more abundant at 
periphery 

Schizont 

(presegmented form) | 

Cytoplasm light blue irregular 
separated into strands and 
particles Chromatin divided 
into 2 to 10 masses Fine yel , 
low brown pigment in clumps ! 

Cytoplasm deep blue com 
pact oval or round Chromatin 
divided into 6 to 8 irregular 
clumps Coarse dark brown 

p gment usually not clumped 

Mature schizont 
(segmented form) 

12 to24divis onsor merozo tes 
composed of a dot of chromatin 
and a portion of cytoplasm 
Pigment js in 1 or 2 clumps 
usually eccentric Parasite| 

fills enlarged cell 

6 to 12 usually 8 or 10 mer 
ozoites in a rosette Central 
mass of pigment Paras (e fills 
cell 

Macrogametocyte 

(female) 

Spherical deep-btue homoge 
neous cytoplasm with no. 
vacuoles Cnromatm compact 
dark red and eccentric Abun 
dant yellow brown pigment 
scattered through cytoplasm 
Fills enlarged cell 

Same as P vivax except pig 
ment is coarser and dark brown 
and parasite fills a normal 
sized cell 

M lcrogametocy te 

(male) 

Spherical light blue gray.pink 
or almost colorless cytoplasm 
Large diffuse light red or p nk 
chromatin mass usually cen 
trally placed A bundan {yellow- 
brown pigment throughout 
cytoplasm Smaller than mac 
rogametocytc about size of 
normal erythrocyte 

Same as P vivax except smaller 
and the dark brown pigment is 
usually clumped in masses 

First appearance of 
gametocytes in blood 

At onset of fever 

Several months after prelim 
inary attack 


Plasmodium falciparum 
(esti vo-auCumnal) 

8 to 12 days or more 
24 to 48 hours 


Normal in size sometimes 
purplish in color and occas on 
ally a few red coarse irregular 
dots (Maurer s dots) are seen 
Multiple infection \ery com 
mon 

Rings small delcate and blue 
in color Often two small red 
chromatin dots Marg nal and 
bridge forms are frequent 

This stage remains in the ring 
lorm the chromatin and cy to 
plasm increase in size A few 
dark brown granules may be 
present Oldest stage seen in 
peripheral blood 

Rarely seen in peripheral blood 
Resembles P malanae but 
smaller Pigment is fine dark 
brown and may be clumped in 
one sma 1 mass 

Rarely seen in peripheral blood 
8 to 24 merozoites wh ch are 
very small Central or eccen 
trie mass of dark brown pig 
ment Parasite fills about 
of cell 

Crescent shaped pointed ends 
deep blue usually a singledark 
red chromatin mass near cen 
ter associated with concen- 
trated coarse dark brown pig 
ment 


Sausage shaped broader short 
er with more rounded ends 
than macrogametocyte Cyto- 
plasm pale blue grayish bfue 
or pink Loose diffuse light 
staining particles or threads of 
chromatin throughout central 
half or more of parasite asso- 
ciated with numerous granules 
of dark brown pigment 

One week after onset of fever 
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Plate 6 P wax 

1 Normal-sized red ..ell with marginal nng from trophozoite 

2 \ oung s gnet ring form trophozoite in a macrocyte 

3 Shghtlv older ring form trophozoite in red cell showing basophilic stippling 

4 Poll cl romatophihc red cel] containing joung tertian parasite with pseudopodia 

5 Ring f mi tnphozoire showing pgmenr in cytoplasm, in an enlarged cell containing SchufTn'r s stippling *** 

6 7 Very tenuous medium trophozoite forms. 

8 Three amoeboid trophozoites with fnsed cytoplasm 

9 It p p Older amoeboid trophozo tes in process of development. 

10 Two -imocbo d trophozoites in one cell 

14 Mature trophozoite 

15 Mature trophozoite with chromatin apparently in process of division. 

16 17, 18 19 Schizonts showing progressive steps in division (“presegmenting sclnzoms") 

20 Mature schizont. 

21 22 Developing gametocytes. 

23 Mature microgametocyte 

24 Mature macrogamerocyte 

<i>Schuffner s suppling does not appear in a 1 cells containing the growing and older forms of P vivas as would be 
indicated by these pictures, but it can be found with any stage from the fairly young nng form onward 
(Reproduced with permission from the “Mai ual for the Microscopical Diagnosis of Malaria in Man,” National 
Institute of Health Bullet n No ISO bv 4imee Wilcox. U S. Public Health Service ) 


I 
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Plate 7. P malaeiae. 

1 \ oung ring form trophozoite of quartan malaria 

2 3,4 \ oung trophozoite forms of the parasite showing gradual increase of chromatin and cytoplasm 
J Developing ring form trophozoite showing pigment granule 

6 Early band form trophozoite — elongated chromatin, some pigment apparent. 

7 8 9 10 II P Some forms which the developing trophozoite of quartan maj take. 

13 14 Mature trophozoites — one a band form 

15, 16 17 18 19 Phases in the development of the schizont (“presegmenting schtzonts"). 

20 Mature schizont 

21 Immature mtcrogametocyte 

22 Immature macrogametocyte 

23 Mature imcrogametocyte 

24 Mature macrogametocyte. 

(Reproduced with permission from the “Manual for the Microscopical Diagnosis of Malaria in Man,” National In- 
stitute of Health Bulletin No 180, by Aunee Wilcox. U S Public Health Service) 



<?_ 
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Plate 8. P. ealcipaeum. 

I. Very young ring form trophozoite 

2 Double infection of vngie cell with young trophozoites, one a “marginal form," the other “signet ring’ term 
3,4 \ oung trophozoites show mg double chromatin dots. 

J, 6 7 Dei eloping trophozoite forms 

8 Three medium trophozoites in one cell. 

9 Trophozoite showing pigment, in a cell containing Maurer’s dots 

10 II Two trophozoites in each of mo cells, showing variation of forms which parasites may assume. 

12 Almost mature trophozoite showing haze of pigment throughout cytoplasm Maurer’s dots in the cell 
13. Estivo autumnal slender forms" 

14 Mature trophozoite, showing clumped pigment 
1J Parasite m the process of initial chromatin division 

16, 17, 18 19 Various pluses of the development of the s hizont (“presegmenting schizonts”). 

20 Mature schizont 

21, 22. 23, 24 Successive forms in the development of the fametocyte — usually not found in the peripheral circulation. 
25. Immature macrogametocyte. 

26 Mature macrogametocyte. 

27. Immature microgametocyte. 

28 Mature microgametocyte. 

(Reproduced with permission from the “Manual for the Microscopical Diagnosis of Malaria in Man," National In* 
ttitute of Health Bulletin No. 180, by Aimee Wilcox, U, S Public Health Service.) 
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3 Leu! oc) tosis with an increase m band cells 
during paroxysm 

4 Malarial pigment in neutrophils and mono 
cytes 

5 Normoc)tic normochromic anemia 

6 Nucleated erythrocytes present 

7 Reticulocytes increased 

8 Parasites found in bone marrow smear (ster 
nal puncture) 

9 Increased icterus index 

to Increased urobilinogen m urine 

11 Decrease of serum protein with reversal of 
A/G ratio 

L Laboratory Findings in Chrome Malaria 

1 Moderate leukopenia with an absolute in 
crease in monoc) tes. 

2 Norn ocv tic hypochromic anemia 

3 Increase in reticu locates 

4 Basophilic stippling in erjthrocjtcs 

5 Parasites may be found in thick smears 

6 Parasites ma) be found in bone marrow smear 
(sternal puncture) 


II Leiahmania 

A Species in Wan 

1 L donoiam is the cause of visceral leishmam 
asis dumdum fever or kala azar 

2 L tropica is the cause of cutaneous leishmam 
asis or oriental sore 

3 L brazihetws is the cause of mucocutaneous 
leishmanias s or espundia 

B Leishrmm Donornn Body (lenlimanion 
form) 

t This is the only form found in 
the human 

2 It is a nonfiagellated oval body, 2 
to 4 5 microns long and I to 2 
microns wide found in the reticu ^ rfj) 
lo endothel al cells of nearly all the 
internal organs occurs only in small numbers 
m the monocytes and pol) morphonuclear 
leukocytes of the peripheral blood 

3 The c) toplasm stains pale blue the ov al nu 
cleus at the posterior end stains reddish with 
a delicate membrane and a large central karj 
osome the rod shaped kinetoplast is anterior 
to the nucleus and stains a deep violet. 

C. Lcptomonat (flagellated form) 

1 The Leishman Donovan body develops into 
the Ieptomonad or flagellated form in the in- 
vertebrate host (sand flv) or in cultures. 



2 The oval body elongates and a single fiagel 
lum appears anteriorly 

D Diagnosis 

1 Stain all smears and sections with Giemsas 
stain 

2 The different species of leishmama are mor 
phologically indistinguishable 

3 hala azar 

a The parasites are found m monocytes 
3nd pol) morphonuclear leukocjtes in thin 
or thick blood smears but are present in 
such small numbers that a diagnosis is 
rarely made b) this method 
b Smears of material obtained by puncture 
of the sternum spleen or liver are cx 
amincd for the parasites 
c Cultures of blood (sedimented cells from 
oxalatcd blood) or aspirated splenic or 
hepatic tissue can be made in the medium 
of Novy, MacNea!, and Nicolle (NNN 
medium) 

d Excised enlarged l)mph glands are ex 
amincd by impression smears or sections, 
e There is a leul openia with a relative in 
Crease in lymphocytes and monocytes, 
f Slight macroc} tic hyperchromic anemia, 
g Inv ersion of the A/G ratio of serum pro- 
teins 

h Cold agglutinins arc sometimes found in 
the blood 

4 Oriental Sore and Espundia 

a Smears of curcttings from the base or 
margins of ulcers are examined for para 
sires. 

b Material aspirated from the indurated mar 
gin of a lesion under stenle conditions 
can be cultured in NNN medium 


III Trypanosoma 

A Species in Man 

1 T gvnbiense is the cause of African sleep- 
ing sicl ness 

2 T rbodestense is the cause of East African 

sleeping sickness. . 

3 T erttzt is the cause of Chagas disease of 
Brazil 

4 T gambicnse and T rhodesiense occur only 
m the flagellated form in man, are similar “J 
morphology, divide b) binary longitudinal 
fission and are transmitted by the tsetse flies 

5 T cruzi occurs both in the flagellated and 
leishmanian forms in man and is transmitted 
by the reduv ud bug 
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flagellated Form. 

They measure 1) to 30 microns 
long by 1 5 to 3 5 microns wide, 

T cruzi is smaller titan the other 
two types 

They contain a nucleus a kmeto- 
piast, and a single flagellum bor 
denng an undulating membrane 
and extending anteriorly 
In fresh preparations of blood they are active 
ly motile 

In stained blood smears the cytoplasm is pale 
blue, the nucleus reddish purple the hineto- 
plast dark red and the flagellum red 

Iseishmanian form of T crust 
The flagellated form does not divide by fls 
sion in the human but loses its flagellum and 
undulating membrane invades endothelial or 
tissue cells (especially heart muscle) and then 
divides by binary fission producing numerous 
leishmanian forms w ithm a cyst like cavity 
The leishmanian forms dev elop into tr> pano 
somes and are liberated into th“ blood by rup- 
ture of the cyst which is arcompanied b) 
fever 

Diagnosis 

Stain all smears with Giemsas or Wrights 
stain 

Make thin and thicl smears of the blood 
during the febrile stage 
Examine unstained fresh blood for motile 
forms but it is better to use a drop trom the 
leukocyte layer of centrifuged oxalat d blood 
Examine the sediment of centrifuged cerebro 
spinal fluid during the sleeping sickness stage 
T gambiense and T rhodesiense may be 
found in smears made of fluid aspirated from 
enlarged tymph glanos 
Inoculate mice or guinea pigs intrapentone 
ally with blood cerebrospinal fluid or ma 
tenal aspirated from lymph glands during the 
chronic stage and examine the animal s blood 
daily for 2 weeks for trypanosomes 
Cold agglutinins are sometimes found in the 
blood 



IV Toxoplasma 


Parasite 

Toxoplasma is a minute organ 
ism v arying in size from 4 to 7 
by 2 to 4 microns having dis 
tmcc cytoplasm and nuclear 
chromatin 



The organisms are crescentic in shape with 
one end pointed and the other end rounded 


3 Growing forms become oval or round prior 
to division by binary fission 

4 They occur singly in clusters or aggregates 
within cells of the reticulo endothelial sys 
tem parenchymal cells of the lungs, liver, 
adrenals brain kidneys and unstnated or 
striated muscle 

B Diagnosis 

1 Make smears of the sediment of cerebrospinal 
pleural and peritoneal fluids sputum and va 
gmal exudates 

2 Make impression smears of biopsy tissue 

3 Stain smears with Wright s or Giemsa s stain 

4 Examine the sediment of any xanthochromic 
ventricular or cerebrospinal fluid from infants 
less than 2 months ola for toxoplasma The 

E iarasite may be found m polymorphonuclear 
eukoc) tes or monocytes in cases of con 
genital toxoplasmosis 

S Biopsy tissue fixed in Zenker s fluid or 10% 
formalin is stained with hematoxylin and 
eosin 

6 Suspensions of tissues in 0 85% NaCI solu 
non or bod) fluids can be inoculated into 
mice and guinea pigs 

a Inject each of 6 mice with 0 03 cc of fluid 
intracerebrall) and 1 cc intrapentoneally 
b Inject each of 2 guinea pigs with 0 2 cc 
of fluid intracerebrally and about 5 cc in 
trapentoneall) 

c Observe the mice for 1 month and the 
guinea pigs for 6 weeks, 
d Examine impression smears and sections 
of the brain and lungs of animals that be 
come sick or d e for Toxoplasma 
7 The complement fixation test and the test for 
neutralizing antibodies are too complicated 
to be done m most laboratories 

V Filana 

A Diagnosis 

1 Made by finding the adult worm or micro 
filana in sections of the lesion or by finding 
microfilaria in the blood or chylous fluid 
2 The adult 'worm is white to 
creamy white the male ranges 
from 2 to 70 cm in length 
the female is usually twice as 
long as the male 
3 Microplana 

a They range from 175 to 
350 microns in length (see 
illustration) 
b They stain with Wrights or Giemsas 
stain and are found either in smears of 
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blood (thicl or thin) or chylous fluid ac- 
cording to the species of filaria 
c They arc seen in fresh preparations of 
blood or chylous fluid by the whipping 
motion of the organism among the cry th- 
rocytes 

d They may be of the pcnodic or non- 
periodic strain 

1) Those of the periodic strain occur in 
greatest numbers m the peripheral 
blood between 8 PM and 2 AM, 
therefore it is best to obtain blood for 
examination about 10 P M 

2) Those of the nonperiodic strain may 
be found in the blood at any time 

3) The microfilaria of I oi loa are only 
found in the day time 

e The microfilaria in themscHcs arc non 
pathogenic and noninfcctue to man 
f They can only complete their develop- 
ment 1 >, passing through the mosquito 
and thci ce back to man 

4 Concentration Method 

a Obtan 5 c of blood from a \cm and 
place n a centrifuge tube containing 10 
cc of distilled water 
b Mix unt I the blood is la! ed 
c Place 2 or 3 cotton threads m the tube 
and centrifuge for 5 minutes 
d. Pour supernatant fluid, pick up threads 
with a rough straight piece of wire, and 
place on a slide 

e Examine with the low power objective 
of the microscope 

f Microfilaria, if present, will be entangled 
in the cotton threads 

5 Calcified worms may be seen in a roentgeno- 
gram 

B VTucherennhancrofU 

1 Distribution In all tropical and subtropical 
countries 

2 Location m Body 

a Adult worm found in the lymphatics pro 
duemg elephantiasis usually of the lower 
extremities and scrotum 
b Microfilaria may be of periodic or non 

f ienodic strain and found in the blood and 
ymph 

3 Intermediate Host Mosquitoes (Culex, Aedes 
Mansonta, and Anopheles) 

C. Wuchercrin malayi 

1 Distribution East Indies and southern Asia 
2 Microfilaria found in the blood only at night 
3 Similar in other respects to W bancofti 
D Onchocerca volvulus 
I Distribution Africa and Central America 


2 Location in Body 

a Adult worm found in the subcutaneous 
tissue forming nodules ranging from 05 
to 5 uu in diameter 
b Microfilaria in skin and nodules 

3 Intermediate Host Black flies (Simuhum and 
Eusimulium) 

E Acanthocheiloncma per stans 

1 Distribution Africa and S America 

2 Location m Body 

a Adult worm found in the mesentery, pen 
renal and retroperitoneal tissues, 
b Microfilaria arc nonperiodic and found in 
the blood 

3 Intermediate Host Midges (Cuhcoides aus- 
tini and grahami) 

r. Loa loa. 

1 Distribution Africa 

2 Location in Body 

a Adult worm found in the subcutaneous 
tissues. 

b Microfilaria found in the blood only dur 
ing tne day. 

3 Intermediate Host Tabamd flies (Chrysops 
dimidiata and silacea) 

C Mansonclla ozzardi 

1 Distribution South and Central America 

2 Location tn Body 

a Adult worm found in the mesentery ana 
body cavities 

b Microfilaria are nonperiodic and found id 
the blood 

3 Intermediate Host Midges (Cuhcoides fu 
rens) 

II Wicro/i/oria streptocerca 

1 Distribution Africa. 

2 Location m Body 

a Adult worm not known 
b Microfilaria found in the skin 

3 Intermediate Host Not know n 

f Dracuncitlus mpJmfniM (Guinea worm) 

1 Distribution Asia, Africa, and Arabia Less 
common in West Indies and Brazil 

2 Location m Body 

a Temalc worm is 50 to 120 cm. m length, 
and migrates from the body cavities or 
deeper tissues when sexually mature to the 
subcutaneous tissues of the kgs. arn ? 
shoulders, or trunk to form a sterile ab- 
scess and blister In a short time this bus 
ter bursts and if this part of the body 
comes n contact with water, a loop oi 
the uterus of the parasite prolapses through 
its body wall, ruptures, and liberates large 
numbers of lan ae into die water 
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b Male is 12 to 29 mm long and is rarely 
seen 

c Larvae 600 by 20 microns are free swim 
ming, having a slender rhabditiform shape 
with a long filiform tail tapering to a sharp 
point 

1 Intermediate Host Water flea (Cyclops) 

Spirochetal Diseases 
I Relapsing Tcs cr 

A Diagnosis 

1 Causative agent is a spirochete (Borrelia) 15 
to 30 microns in length with 3 to 12 loose 
irregular coils 

2 It is found in thick and thin smears of the 
blood stained with either Wrights or Giem 
sa s stain 

3 It is actively motile in an unstained fresh 
preparation of blood 

4 Examination of the blood is most successful 
at the height of the first pyrexial attacl 

5 Inoculate 0 2 to 0 5 cc of blood intrapento 
neally into white mice and examine a drop 
of blood from the tip of the tail daily until 
the 14th day 

B Distribution of Species 

1 B recurrentis in Europe 

2 B dtittom in Africa 

3 B carten in India 

4 B novyi in United States 

C Intermediate Host Lice and ticks 

H LeptospiroBia 

A Etiology 

1 The causative agent is a IeptoSpira which is 
a slender delicate organism 4 to 20 microns in 
length having a tight elementary spiral ex 
tending throughout the body The caudal 
portion is bent into a hook when the organism 
is in motion and the anterior end is straight. 
The different species of leptospira are mor 
phologically identical 

1 L tcterohemorrbagtac causes Weils disease 
or spirochetal jaundice and is transmitted by 
rats and dogs usually by bites 

3 L camcota also causes spirochetal jaundice 
and is transmitted only by dogs 

4 I gnppotypf osa causes swamp fever m East 
ern Europe the animal reservoir is unknown 

5 L kebdomadts causes the seven day fever of 
Japan and India and is transmitted by field 
mice or field voles 

6 L autxmmahs causes hasamt fever in Japan 
and is transmitted by field mice and wild 
rats 


B Diagnosis during Febrile Stage (1st to 5th 
day) 

1 Inoculate each of 2 white guinea pigs {weigh 
ing less than 300 gm ) intrapentoneally with 
3 to 5 cc of citrated blood or spinal fluid 

a Examine for jaundice and take tempera 
tures daily for 3 weeks 

b If a marked rise in temperature (over 
103 T) occurs after 7 to 10 days remove 
1 to 2 cc of blood from the hearr and 
place in an equal amount of 1% sodium 
citrate solution 

c Examine for leptospira by dark field ll 
lununation 

d If organisms are found 1 ill animal with 
ether and lool for jaundiced tissues and 
numerous petechial hemorrhages especially 
in the lungs and inguinal region 
e Stain sections of liter and kidnejs with 
Giemsa s stain for leptospira 

2 Inoculate Noguchis or Schuffners leptospira 
medium with 0 5 cc of blood incubate an 
aerobically at 25 a C and make a darl field 
examination for motile leptospira weekly for 
at least 4 vveel s 

3 Direct darl field examination of the blood 
may be made but is difficult to interpret due 
to the presence of artifacts 

4 The Van den Bergh test is positive in both 
the direct and indirect reactions 

5 The nitrogenous constituents of the blood are 
increased due to damage to the kidneys 

6 There is a leul ocytosis with an increase in 
lymphocytes 

7 The urine contains alhumin casts erythro 
cytes and increased urobilinogen 

C Diagnosis during Icterus Stage (6tll to 
13 ill day) 

1 Leptospira have disappeared from the blood 
and agglutinins appear 

2 An agglutination test with the patients serum 
using either a living culture of leptospira or 
a formalized antigen w ill be positive in final 
dilutions h gher than I to 40 

a Mix 0 5 cc of culture with 0 5 cc of serum 
dilutions 

b Incubate at 37°C for 2 hours 
c Make a dark field exam nation for agglu 
tination 

3 Inoculate guinea pigs also make cultures and 
a dark field examination using unne sediment 
instead of blood The patient should be given 
enough sodium bicarbonate before collecting 
the urine to make it alkaline 

D Diagnosis during Convalescent Stage 
(13 th day to recovery ) 

1 Same tests as in Icterus Stage 
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2 The agglutination test will hav c a higher titer 
III Ral lute Fever 

\ Sodol u 

1 Causative agent is spirillum minus (spirochaeta 
morsus minus) which is 2 to S microns long 
with 3 to 4 undulations has a rigid bod) and 
bipolar flagella 

2 Examine thicl and thin blood smears stained 
with Gicmsa s stain 

3 Inoculate guinea pigs intrapentoneallj with 
blood urine sediment exudite from initial 
lesion serum expressed from erythematous 
patches material aspirated from lymph glands 
or ground up tissue Examine blood of guinea 
pigs daily for organisms 

B HaterhM Tcccr 

1 Causative organism is Streprobacillus tnonili 
formis which is pleomorphic appearing as 
slender filaments with spherical oval or fusi 
form swellings and tending to break tip into 
bacillary and coccal forms Usual!) stains 
gram negative but young forms may be grim 
positive 

2 Ala! e blood cultures m veal infusion broth 
containing 20 per cent rabbit serum and in 
cubatc anaerobically 

a Organisms found in red blood cell sedi 
ment after 24 to 48 hours 
b Subculture on ascitic or LocflTers scrum 
medium 

Tesla for Hemorrhagic Tendencies 

I Spontaneous hlccdmp may be the result of 
one of the following if there is no evidence 
of injury 

\ Alteration of permeability and resistance 
of the endothelium, due to 

1 Platelet deficiency which influences permc 
ability of vascular endothelium 

2 Impaired nutrition especially Jack of ascorbic 
acid 

3 Toxic substances drugs (quinine iodides 
bismuth gold and mercury) and products of 
infections (meningitis scarlet fever typhoid 
fever smallpox; and influenza) and or meta 
bolic origin (chronic nephritis) 

4 Allerg) 

B Deficiency of Prothrombin 

1 Defect m suppl) of vitamin K 

a Absence of bacteria in intestines, 
b Inadequate supply from mother resulting 
in hemorrhagic d scase of the newborn 
c Defective formation or inactivation as in 
su eer-eJov rr disease of cattle 

2 Faulty absorption of vitamin k from intestinal 
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tract due to lac! of bile salts 
a Obstructive jaundice 
b Biliary fistula 

c Sprue (disturbed fat metabolism) 

Taulcy utilization of vitamin K due to liter 
damage 

Salic) late therapy 
Heparin and dicumarol therapy 
Deficiency of Calcium Ions (rarely, if eier 
a cause of bleeding) 

Deficiency of Thromboplastin 
Diminished number of platelets — primary 
(idiopathic) and secondary (symptomatic) 
thrombocytopenia 

Decreased plasma thromboplastin m hemo- 
philia 

Deficiency of Tibrinogcn 
Nutritional deflcicnc) 

Diseases of hemitopoictic S) stem 
Severe liver damage 
Snake venom 
Congenital defect 

Chloroform and phosphorus poisoning 
Presence of Heparin in the Dlood 
Peptone shock 
Anapb) lactic shock 

I! Theories of Coagulation 
HoiceWs Theory of Wood Coagulation 
Prothrombin is inactivated by antiprothrom 
bin (heparin) 

Thromboplastin neutralizes an tipro thrombin 
and releases prothrombin ^ 

Prothrombin -f- calcium — thrombin. ✓ 
TUtotuhiti 4* fibrinogen — fibrin (clot) 

HI o raid t s’ Theory of Blood Coagidatioi* 
Prothrombin -f- calcium -f- thromboplastin ~ 
thrombin 

Thrombin -f- fibrinogen = fibrin (clot) 


III Coagulallon Time 
Ccneral Considerations 
Lee and White s venous blood method is m°t^ 
accurate than the methods using capuw*/ 
blood , 

Test tubes and capillary tubes must be cn 
ically clean and dry 

Capillary rubes should be about__Xjnm- * 
diameter and lOcnijQng" 

Blood must not be contaminated with tis 


juice n 

A rough estimation of coagulation onie ( „ 
be made when drawing blood for *ero 

i modlri Howells maW* 


tests by using a i 
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c oral \Philfi f sJE£naux~Kload-Mclhod. 
Use 75 cc~ stenie syringe and needle thai 
has been washed out with stenie 0 85% NaCl 
solution The last of the NaCl solution is 
expelled with the needle held vertically, so 
that the needle and dead space in the tip of 
the synnge are left filled 
1 Withdraw quickly % cc. -o£_ hlood from a 
vein, recording the time of the first appear- 
ance of blood in the sj nnge Avoid gerang 
air bubbles in the synnge 
I Remo\ e needle from wnnge and place 1 cc. 
of blood in each of 3 chemically clean 
test tubes (8 mm. in diameter) which have 
been nnsed with u Bj Vo NaG solution just 
before adding tiie blood 
f After 3 minutes tilt the first tube slightly to 
determine whether coagulation has taken 
place 

? Thirty seconds later examine the second tube 
in the same way 

5 Alternately tilt the 1st and 2nd tube at 30 
second intervals until coagulation has taken 
place 

1 Then test the third tube in the same man- 
ner, record the tame at which this tube can 
be inverted without disturbing the clot. 

3 The time elapsed since the first appearance 
of~l)Iobd in the syringe and clof formation 
in the third tube is the eo apuTarion timcT 
9 Tfie~normal is 5 ro~io minute st 
0 If the diameter' of the rebels 9 mm., the 
normal is 6 to 13 minutes 
i. Capillary Blond Methods 
Method of Obtaining BloQd 
a Blood may be taken either from the ear 
or finger 

b The puncture should be deep enough to 
insure free flow of blood in order to de 
crease contamination with tissue juice 
c. The first 2 drops should be wiped off and 
r the third used for the test. 

\ d Th e coagulation time is counted from th e 
_first appearance of the drop of blood used 

a." Insert’ awhite horse hair (previously 
washed m ether) in a capillary tube 
b Place one end of the tube xn a drop of 
blood and let it fill one half full by capil- 
lary action 

c After 1 minute draw the horse hair out 
half an inch from the end filled with blood. 


Normal 2 to 6 minutes. 

Capillary Tube Method. 
a. Place one end of each of 2 capillary tubes 
m a drop of blood and let tne tubes fill 
simultaneously by capillary action for 
about two thirds of their length 
b Laj the tubes on the table 
c After 1 minute pick up 1 tube and very 
gently break off 1 centimeter of the filled 
end 

d Repeat at 30 second intervals until co- 
agulation has occurred, this is revealed 
by the presence of strands of fibrin which 
span the gap at least 5 mm between the 
broken ends. 

e Care must be taken not to break the fibrin 
when breaking the tube, 
f Immediately confirm by breaking the sec 
ond tube 

g Usually the handling of the first tube will 
decrease the time of coagulation, 
h The end point is the time elapsed from 
the appearance of the drop of blood and 
coagulation in the second tube 
i Normal 2 to 6 minutes 

4 Slide Method 

a. Place 2 separate large drops (4 to 5 mm.) 

of blood on a clean slide 
b Draw a pin through one at 30 second in 
tervals 

c As soon as the fibnn thread can be pulled 
up by the pm coagulation has taken place 
d Check with the other drop to see if co- 
agulation has taken place 
Take the time of coagulation of the second 
drop for the final result if it is longer than 
the first. 

f Normal 2 to 6 minutes 

D UoiceWa Method (Modified). 

1 Rinse a stenie 10 cc synnge with sterile 0 85 
NaCI solution in the same manner as desenbed 
under the Lee and Whites method. 

2 Draw venous blood and take the time of the 
first appearance of the blood in the synnge 

3 Place 7 cc in a test tube 5/8 inch in diameter 

4 At 10 minute intervals tip the tube to see if 
coagulation has taken place 

5 The end point is when the tube can be in 
verred without disturbing the clot. 

6 Normal 10 to 40 minutes 


repeat at 30 second intervals until clumps 
of fibrin adhere to the hair v-'"'! 

The coagulation time is the interval be- y 

tween the first appearance of the drop of ^^ieukemias'Tiemorrhage of the newborn, and 
blood to the first adherence of fibnn to at the onset of severe acute fevers 
the hair 2 Decreased in digitalis medication. 


Abnormal Coagulation Time 
Prolonged in hemophilia (see Table 12) oc 
casi onally in obstructive jaundice anemdrsT 
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IV Bleeding Time. 

A General Considerations 

1 Bleeding time does not necessarily parallel 
the coagulation time of the blood It is chief j 
Iy dependent upon the efficiency of the tissue v-^ 
juice (thromboplastin) in accelerating clot 
ting upon capillary contractility and upon 
the mechanical and chemical action of the 
blood platelets 

2 If the bleeding time is prolonged do not con 
tinue test longer than 20 30 minutes 

B Venostasit Bleeding Time (Iy y’a Me thod) 

1 Wash the lateral part of the forearm near 
the elbow gently with 70% alcohol 

2 After any hyperemia occurring from the al 
cohol has disappeared place the cuff of a 
blood pressure apparatus on the arm above the 
elbow and raise the pressure to 40 mm. of 
mercury to prevent venous return. 

3 Make a puncture in the clean area of skin 
with a mechanical stylet set at a depth of 3 
mm but do not puncture near a vein 

4 Remove the drops of blood with filter paper 
every 10 seconds until no more blood ap- 
pears, being careful not to touch the skin 

5 If no bleeding occurs this is not recorded 
and the blood pressure cuff is decompressed 

6 Repeat the procedure after 5 minutes and keep 
repeating at 5 minute intervals until there 
arc 3 recordings of bleeding 

7 Take the average of the three bleeding times 

8 Normal bleeding time is 2 to 125 seconds. 

C. Duke’# Me 

1 Make a deep puncture in the ear as for a 
blood count 

2 The size of the wound should be such that 
the blot of blood after the first 10 seconds is 
1 to 2 cm in diameter 

3 Note the time the first drop of blood appears 

4 Remove the drops of blood with filter paper 
at 30 second intervals being careful not to 
touch the skin 

5 The end point is reached when no more blood 
appears 

6 Normal bleeding time is 1 to 3 minutes 

7 If moderately prolonged the twentieth drop 
will be about one half the size of the first 

8 If markedly prolonged the twentieth drop 
will be as large as the first 

D Prolonged Bleeding Time (See Table 12) 

I When blood platelets are greatly reduced 
a Thrombocytopenic purpura 
b Acute leukemia 
c. Aplastic anemia 
n/ -2 Injury of capillary wall 


a. Scurvy 

b Toxins (infectious, chemical, snake ven 
om) 

c Allergy 

Prothrombin deficiency 
a Destructive diseases of the liver with 
hemorrhagic tendencies 

wb Hemorrhagic diseases of the newborn. 

4 Slightly prolonged m sex ere anemias 

V. Capillary Fragility or R esistan ce 

Am Tourniquet Test (Rumpel Leeds 
Phenomenon) 

1 Mark a definite area (5 cm. in diameter) 
on die forearm the upper edge of which is 
4 cm below the bend at die elbow 

2 Count the petcchiae already present in this 
area. 

3 Place a blood pressure cuff on the arm and 
raise the pressure to 100 mm. of mercury (or 
midway between systolic and diastolic pres- 
sure) and leave for 8 minutes 

4 Remove the cuff and after 5 minutes count 
the number of petecluae in the marked area. 

5 Normally there should be no more than 10 
or at the most 20 spots 

6 See Table 12 

B Interpretation. 

1 A positive test indicates capillary pcrmeabil 
ity and fragility 

2 It is positive m purpura and scurvy 

VI Blood Got Rctrnchon Time 

A. General Considerations 

1 There is no connection or parallelism between 
the coagulation time and the retraction of 
the clot. 

2 The degree of retraction parallels the number 
of platelets. 

3 See Table 12 

B Method 

1 Secure 5 cc. of blood by venous puncture and 
place in a sterile chemically clean gradu 
ated centrifuge tube (note exact amount o 
blood) 

2 Stopper with cotton and place in the incu 
bator (37°C) 

3 Observe at 1 18 and 24 hours 

4 If there is no retractionof the clot in 18 hours, 
run an inoculating wire once around the w 
side of the tube as close to the glass as p°sa 
ble Occasionally normal blood does not rt 
tract but will w ithin a short tune after being 
separated from the w’all of the rube 

5 Remove clot by means of a mouse tooth *o 
ceps and measure the volume of serum. 
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a. Report volume of serum in percentage of 
original blood volume 

b Note the shape, firmness, and fragility o f 
th e clot . 

C. Degree of Retractility.'-^^ 

1 Normally, t he coagulum commences to retract 
within the first hour, and forms a firm clot 
with co mplete retraction m 24 hours 

2 The normal clot is firm, difficult to break up 
with blunt instruments, and difficult to fiatten 
out Defective clots are soft, fnable, and eas- 
ily crushed 

* In thrombocytopenic purpura a coagulum is 
formed m the normal time, but it does not 
retract 

In hemophilia the coagulum forms very slow- 
ly, but the clot when once formed retracts 
normally 

► Presence or Absence of Digestion of Clot 
Normally there should be no digestion of 
clot. 

Digestion of clot, giving it a worm eaten ap- 
pearance, is seen m cirrhosis of the liver 

S Color and Character of the Serum 

Normally a slight margin of clear pale yel- 
low serum appears within the first hour and 
increases in amount In 18 to 24 hours the 
volume varies from 40 to 60 per cent of the 
total amount of blood. When the clot is de- 
fective and incapable of proper retraction, the 
volume of scrum is less than 40 per cent. 

I May appear milky after meals or m diabetes 
and l eukemia 

1 May be deep yellow m hemolytic jaundice, 
in o bstructive jaun dice, or in carotenemia 

VII Conn ling Blood Platelet* 
(Thrombocytes) . 

4. General Considerations. 

1 The chief function of the platelets is to con- 
trol coagulation and bring about retraction of 
the clot 

2 They are the chief source of prothrombin 
and the probable source of a part of the throm 
boplastic substance of the tissues 

3 They are important m protecting the walls 
of blood vessels when the endothelium be- 
comes injured, because they adhere to the 
injured surface. 

B Indirect Method 
1 Tlatelet Solution. 

Sodium citrate tj gra 

Distilled water 50.0 cc. 

Formalin, neutral to litem* 2J cc. 


a Keeps one month ui the refrigerator 
b Filter before using 

2 Place a small amount (about 10 drops) of 
platelet solution jo a depression 2 cm. in 
diameter and 0 5 cm deep m a paraffin block. 

3 If the patient's hand is cold, place in warm 
water for a few minutes 

4 Wash the finger tip with soap and warm 
water and then alcohol and acetone 

5 Cover with a thin layer of sterile vaseline 

6 Make a deep prick in the finger through the 
vaseline and shake the first drop of blood 
off the finger 

7 Immediately place the finger tip in the solu 
con in the paraffin block and let the second 
and third drops of blood mix with the solu- 
Gon without coming m contact with the air 

8 The blood will settle to the bottom of the 
soluGon. 

9 Draw up platelet solution in a leukocyte 
pipette to the II mark and then blow it out, 
this wets the inside of the pipette with the 
soluGon 

10 Draw up the blood from the bottom of the 
depression until the bulb of the pipette is 
about one-half full, then raise the pipette 
into the clear soluGon and fill it to the II 
mark (need not be exact) 

11 The proportion of blood to soluGon should 
be about I 3 

12 Mix the blood and the soluGon by shaking 
the pipette for 1 minute 

13 Let 3 drops run out, then make 4 thin smears 
(The smears should be made immediately 
because, if the blood is allowed to stand in 
the pipette, the platelets have a tendency to 
dump ) 

14 Stain with Wnght’s stain, leaving stain on 1 
minute and adding buffer solution for 2 
minutes 

15 Also make an erythrocyte count on the pa- 
tient. 

16 With a Whipple eyepiece micrometer in 
the microscope, or a piece of paper as de 
scribed under reticulocyte count, count all 
the erythrocytes and platelets in 10 different 
areas on each of the four smears or until at 
least 1000 erythrocytes are counted 

17 The platelets appear as reddish to violet 
bodies, 2 to 4 microns m diameter, and take 
numerous shapes, round ovoid, elliptical, or 
tennis racket shape with a long handle 

18 Find the per cent of platelets by dividing the 
number of platelets by the number of eryth- 
rocytes counted. Then multiply the patient's 
erythrocyte count by this per cent to find 
the number of platelets per c. mm 
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C. Interpretation (See Table 12) 

1 Normal Count — 200,000 to 400,000 per c. 
mm 

a Vanes considerably from day to day 
b Increases at high altitudes 
c. Higher in winter than in summer 

2 Decreased in pernicious anemia, aplastic ane 
rrua (below 100 000), chrome lymphocytic 
leukemia, all the acute leukemias, thrombo- 
cytopenic purpura (below 60 000), cirrhosis 
of the liter, and at the onset of severe acute 
fevers, as in diphtheria, pneumonia, malaria, 
and typhoid 

3 Increased in chrome myelocytic leulcertua, 
erythremia (polycythemia vera), chlorosis, 
sickle cell anemia chronic diseases associated 
with cachexia and iftil nutrition in some acute 
lnfecnons as erysipelas, septicemia, acute 
articular rheumatism, and after hemorrhage, 
splenectomy, tissue injury, and bone fractures 


quickly draw 4 5 cc. of blood into the 
syringe by venipuncture Care must be 
taken that the vein is cleanly entered and no 
tissue gets in the needle 

3 Place the blood immediately in a test tube 
containing 0 5 cc. of the sodium oxalate solu- 
tion and mix by placing the thumb over the 
end of the tube and inverting 3 or 4 timet 

4 Centrifuge blood at once at a low rate of 
speed for 5 minutes. 

5 Pipette the plasma into another test tube. 

6 Place a test tube containing some 002 M 
calcium chloride solution (depending on 
number of tests to be run) tn a 37J°C Mates 
bath to warm 

7 To 0 1 cc. of plasma In a test tube (13 nun. 
outside diameter), add 01 cc of thrombo- 
plastin, and mix. 

8 Place in the water bath for 1 minute. 

9 Blow 0 1 cc of the warmed calcium chlonde 


Table 12 Blood Findings is Spontaneous Bleeding 


Disease 

Blood 

Platelets 

Coagulation 

lime 

Bleeding 

Time 

Clot 

Retraction 

Prothrombin 

Time 

Tourniquet 

T«t 

Purpura 

Thromboeytopen 








lO-Pr miry 

Decreased 





Pos uve 


^Sccondaryjl) 

Decreased 

Normal 

Prolonged 

No retraction 

Normal 

Po* uve 


cytopen c (2) 

Normal 





Pos Uve 


Thrombasthenia (3) 

Normal 

Normal 

Prolonged 

Normal or de- 
layed 

Normal 

Normal 

Positive- 


Hemophilia 

Normal 

Prolonged 

Normal (small 
mcis oas) 

Normal 

Negative 


Jaund ce 
Hemorrhage of 
the newborn 

Normal 

Normal 

Normal 

Normal 

Prolonged 

NegaUve 


Normal 

Profonged 

Prolonged 

Normal 

Profonged 

Negative 


Abnormal Gross 







P " — 

Normal 

Normal 

Normal 

Normal 

Normal 

Negative 

— 


(1) Acute leukemia, Danti s syndrome aplastic anemia drugs infections etc. 

(2) Allergy drugs infections kidney d sease scurvy etc 

(3) Also called hereditary hemorrhagic diathesis hereditary hemorrhagic thrombasthenia hereditary pseudobemo 
ph il i a , and const tutional thrombopathy 


Vm Prothrombin Time (Quick’s Method). 

A Principle It is assumed that clotting tunc 
depends directly on the amount of thrombin 
present and that prothrombin activity can be 
measured by its ability to form thrombin 
An excess of tissue extract (thromboplastin) 
and calcium is added to plasma to initia te 
thrombin formation, and the time for clot 
formation js considered a direct index of pro- 
thrombin concentration. 

B Hlethod 

1 Keep a 5 cc. synnge and 0 1 M sodium oxa 
late solution m the refrigerator, so they mil 
be cold when used. 

2 Place a sterile needle on the synnge and 


solution into the test tube and the instant it 
is added start a stop watch. 

10 Keep in the water bath and shake lightly 
to within a few seconds of the expected 
clotting tune. 

11 Hold fie tube in front of a source of light 
and keep tilting the tube very gently, at 
first appearance of a fibrin web, stop the 
watch immediately Do not shake the tube 
or the first fibrin mesh w-ill be broken an 
an error made in the prothrombin tune. 

12 Record time of the fibrin web formation 
as the prothrombin time 

13 Repeat once or twice to check results. 

14 Repeat using plasma obtained in a sirrular 
manner from a normal person as a contm 
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1 5. Report the prothrombin time in seconds and 
also as per cent concentration in plasma 
according to the following formula; 

Per cent concentration = 

P.T. sb Patient’s prothrombin time 
X= Control prothrombia time minus 12. 

C. Solution 9 . 

1. Sodium Oxalate Solution — 0.1 M. 

Dissolve 1.34 gm. of anhydrous sodium oxa- 
late, c.p., in 100 cc. of distilled water. 

2. Calcium Chloride Solution— 0.02 M. 

Dissolve 1.11 gm. of anhydrous calcium chlo- 
ride, c.p., in 500 cc. of distilled water. 

3 . Thromboplastin . 

a. Obtain a brain from a rabbit after killing it 
by injecting 20 cc. of air into its ear vein. 

b. Remove all blood vessels from the brain. 

c. Place the brain in a mortar, add 0.1 cc. of 
02 M sodium citrate solution, and cover 
with acetone to a depth of about an inch. 

d. Mash the brain until it becomes a granular 
powder, replacing the acetone several 
times. This should not take longer than 
10 minutes. 

e. Dry by suction using a Buchner funnel, 
place in a 37° C. incubator for 15 minutes 
to dry. 

f. Weigh the dried brain and add 0.85% 
NaCl solution in the proportion of 5 
to each 0.2 gm. of brain powder. Do not 
mix until ready to incubate. 

g. Mix the solution by inverting the tube on 
the thumb several times and immediately 
incubate for 20 minutes in a water bath at 
49 to 50° C (must not go over 50° C). 

h. Do not separate the supernatant fluid from 
the coarse particles Invert the tube before 
using. 

i. The thromboplastin is stable for 12 to 18 
hours after incubation; it should be kept in 
the refrigerator when not in use. 

j. The thromboplastin should give a pro- 
thrombin time of 12 seconds If the rime 
is over 15 seconds, discard 

k. The thromboplastin solution in step f will 
keep 2 weeks if frozen immediately in a 
deep freeze. 

D. Interpretation of Prothrombin Time (See 
Table 12). 

1. Normal prothrombin rime: 11 to 15 seconds. 

2. Prothrombin concentration of 70 per cent or 
more is considered normal. 

3. Values below <50 per cent indicate a tendency 
to bleed. 

4. Spontaneous bleeding occurs when the 


prothrombin concentration is less than 20 
per cent. 

5. Values between 20 and 30 per cent are de- 
sirable during heparin and dicumarol therapy. 

6. Increase m seconds (decreased per cent) is 
due to; 

a. Inability of the liver to form prothrombin 
from vitamin K in severe liver damage 

1) The response of the prothrombin rime 
to parenteral vitamin K therapy is not 
only of diagnostic but also of prog- 
nostic value in liver disease. 

2) If the prothrombin time returns to 
normal after vitamin K therapy, the 
liver is not severely damaged. 

b. Poor or no absorption of vitamin K from 
the intestine. 

1) Chronic lesions of the intestinal tract, 

2) Absence of bile in obstructive jaundice 
and external biliary fistula of long 
standing. 

c. Inadequate intake of vitamin K in defi- 
ciency diseases. 

d. Inability of the newborn to manufacture 
vitamin K because of lack of intestinal 
bacteria. 

e. Salicylate therapy. 

f. Heparin and dicumarol therapy. 

7. Recreate in seconds (increased per cent) Is 
found ip. acute thrombophlebitis, multiple 

ia, after digitalis therapy, and after 
anesthesia. 

S&djnjcjJlotJDtt and YrngWily of Erythrocytes 
I, Sedimentation Rote. 

A. Principle: Sedimentation is due to changes in 
the surface charge of the erythrocytes which 
cause them to aggregate. These changes are 
related to alterations in the plasma, particu- 
larly in the physical state of the plasma col- 
loids (Wintrobe). 

B. General Considerations. 

1. An anticoagulant must be used that will not 
shrink the erythrocytes. 

2. The correct proportion of anticoagulant and 
blood must be used. 

3. There must not be any clots present in the 
blood. 

4. Do not let the blood stand more than 1 hour 
before starting test. 

5. Blood should be at room temperature at be- 
ginning of test. 

6 . To avoid frothing, shake the blood gently for 
3 min u res before starting the test. 

7. Sedimentation tube most be chemically clear 
and dry. 

8. There should be no bubbles in the column 



B8 


MANUAL OF CLINICAL LABORATORY METHODS 


of blood in the tube 7. Normal sedimentation rate for women and 

9 /Tube must be in an absolutely perpendicular /■ girls is 0 to 20 mm., for men 0 to 9 mm. 

/ position and not in a draft during test. Interpretation of Sedimentation Rale 

/C~ Wettergrcn'a Method. * Increased in patients with an increased break 

1 See general considerations down ° f such , “• >cu,c “ fccno “ s 

2 Draw 5 cc. of venous blood w,lh a dry nee- eases, chrome granulomatous infections, car 

die and ssnngc The tourniquet shoild be c, " oma > ac “ ,e hcav X mral P 01s0nln B. »' 

applied only at the last minute so that venous /fhnus, nephrosis, and gout 

s£tts ts of short duration jT Increased in rheumatic fever, rheumatic heart 

5 Place the blood in a small bottle in which dlscas '' 'h'"™'°' d a " d c 0 ™”? 

there is the correct amount of dried anti- „ thrombosis , . 

coagulant (a mmonium and potassmm o ra- L I " crc:,scd ln P rc S mnc > r »/<« A' I2th 

. V ' — - w A Knrtinn nr nnirnmt* in an inr'mtt 


coagulant (am monium and potassium o xa- 
late) 

Mix the contents at once by shaking the 
bottle. • 


Abortion at anytime results in an increase. 

4 The rate is slowed in hemolytic jaundice and 
sickle cell anemia due to the change m shape 


5 Just before doing the sedimentation test, mix erythrocytes 

the blood thoroughly by shaking the bottfe 5 11,1 mc “ n ° n ™ 1 ,n inf'™ 0 ” mononucle 


6 Draw blood to the zero point of a chemi- 
cally clean Westergrcn pipette divided into 
200 mm. and place tube in a Westergrcn 
rack 

7 The room temperature during the sedimen- 
tation should be about 20*C 

8 Read the calibrations on the pipette at the 
upper level of the sedimentating corpuscles 
at the end of 1 hour 

9 Normal sedimentation me for 1 hour 
a Men 0-9 mm 

b Women and girls 0-15 mm 
c Children under 3 Vi years of age 0-20 

d Persons over 65 years of age 0-20 mm 

10 The values obtained by this method should 
not be corrected for anemia 

D Wmlrobe and Landtberg't Method. 

1 See general considerations and collect blood 
as described under Westergren’s method (2 
to 5) 

2 Fill a chemically clean Wintrobe tube with 
well mixed oxalated blood to the 10 mark as 
directed under cell pack (page 41) 

3 Place the tube in a rack in an absolutely per- 
pendicular position and keep at room temper- 
ature out of drafts, note the temperature of 
the room 

4 Read the length of the plasma layer in mm 
and if the temperature of the room is not 
20®C, correct the sedimentation rate accord 
mg to Fig 11 

5 If the reading is more than normal, place rub- 
ber cap over tube and centrifuge at 3000 revo- 
lutions per minute for 30 minutes Note level 
of packed corpuscles and if not normal, cor- 
rect the sedimentation rate according to Fig 
12 on page 90 

6 For cleaning tube see cell pack (page 41) 


II. Fragility of Erythrocyte# 

A. Principle The erythrocytes are placed in 
varying dilutions of 1 per cent sodium chlo- 
ride solution, the resultant swelling and 
hemolysis in the lower dilutions are an index 
of the resistive power of the cells to hj* 
potomc sodium chloride solution. 


Table 13 Fragility Test 


Tube 

1% NaCl 
solution 
in cc 

D stilled 
water 

In cc 

NaCI 
dilution 
in percent 

Hemolj*** 




0 28 

++++ 




0 30 

+ ++-■ 

3 



0 32 

+ii + 

4 



0 34 

+++-- 

5 


i 28 

0 36 

+++ 

6 



0 38 


7 

0 80 


0 40 


8 



0 42 


9 

0 88 

1 12 

0 44 


10 

0 92 

1 03 

0 46 


11 

0 96 

1 04 

0 48 


12 

1 00 

1 00 

0 50 


13 

1 04 

0 96 

0 52 


14 

1 08 

0 92 

0 54 


15 

I 12 

0 88 

0 56 


16 


0 84 

0 S3 


17 

1 20 

0 80 

0 60 


18 

1 21 

0 76 

0 62 


10 


0 72 

0 64 


20 

1 32 

0 68 

0 66 

— 


• ++++ “complete hemolys s 
0«*no hemolysis 


B Method 

1 Prepare a 1% solution of sodium chlonde 
in a volumetric flask. Use chemically 
and freshly dned sodium chlonde and weign 
with an analytical balance 

2 Arrange 2 senes of 20 small test tubes in a 
rack 



Sedimentation rate in mm. per hour 
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20 25 30 35 40 45 

Temperature in degrees Centigrade 

Fic. ll Gust for Correction of Sedimentation Rate for Variation rv Room Temperature (W B WaiUnan, 
Am J Med Sci n courtesy of Lea and Febjger, Philadelphia) 


To correct sedimentation rate 


a Follow the vemc a) line representing the temperature of the room to the horizontal line representing the Sedj 
mentation rate. 

b Follow the nearest sloping line to the left hand side of the chart to obtain the corrected value at 20’C. 


3 With 1 cc pipettes graduated in hundredths, 
pipette the sodium chloride solution and dis- 
tilled water into the first senes of 20 small 
test tubes according to Table 13 In certain 
diseases more tubes containing either lesser 
or greater dilutions will be necessary, see 5 
Table 14 


4 The 2 solutions m the first tube are thor-'/’ 
oughly mixed by drawing up in a 1 cc pi- 
pette and blowing bade into the tube, repeat- 
ing several times Transfer 1 cc of this so- 
lution to the first tube m the second senes. 
Repeat this procedure for each tube in the 
senes, but before starting the next tube be 
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VOLUME OF PACKED RED CELLS, CC PER 100 CC BLOOD 

Fig. 12 Chart by Wintrobe and Landsberg for Correction of Sedimentation Rate According to Volume Of 
Packed Red Blood Cells (From Wintrobe i “Cluneal Hematology," courtesy of Lea and Febiger Philadelphia) 

The mean normal volume of packed erythrocytes for men (47 cc ) and for women (42 cc ) are heavily outlined. 
The range of normal sedimentation is represented by a sol d column for men and an open column for women 
To correct sedimentation rate 

a. Follow the horizontal line which represents the sedimentation rate across the chan until it intersects the vertical 
line which represents the volume of packed red cells 

b Follow the nearest curved line until it intersects the heavy line at 42 cc. if the patient Js a woman, or at 47 cc 
if the patient is a man. 

c. At this point of intersection, read the value of the horizontal line which is the corrected sedimentation rate 
sure that all die solution is blown out of the aturc, at which time the corpuscles will have 
P*P ecte setded to the bottom and hemolysis may b e 

6 Obtain about 2 cc. of the patient s blood from recognized by the color of the supernatant 

a vein with a dry syringe and No 21 needle fluid 

and immediately expel 1 drop into each of 10 Initial hemolysis is recognized by a i 310 * 
the first series of 20 tubes Each drop must yellow color m the supernatant fluid 

be the $3me size 11 Hemolysis is complete when the super 

7. Mix by shaking each tube gendy Do not natant fluid is red and no erythrocytes can 

invert with thumb over the mouth of the be seen in the bottom of the tube when 

tube. viewed from above , 


8 To the second senes of 20 tubes add, m a 12 Report the per cent of sodium chloride solo 

similar manner, blood from a normal person Oon showmg initial and complete hemotyflS 

9 Let the tubes stand 2 hours at room temper- in both the patient s blood ana normal blood- 
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C inicrprciciiaru 

1. See Table 14 for values of normal and patho- 
logical blood, 

2. This test is essentially an Index of cell shape; 
the spherocytes show decreased resistance, 
the poikilocytes increased resistance to hemol- 
ysis. 

3. It is an important test in hemolytic jaundice. 

4. The fragility of the cells varies in the ane- 
mias according to the severity of the anemia. 


Table 14. Values for Fragility Test 



Initial 
hemolysis 
in per cent 
of NaCI 

Complete 
hemolysis 
in per cent 
of NaCI 

Normal ... .... 

0 46 - 0 40 

0 36 - 0 30 

Hemolytic Jaundice . - • 

0 86 - 0 52 

0 48 -038 

Aplastic Anemia . 

052-040 

032 - 0 26 

Pernicious Anemia 

0 50 - 0 44 

0 32 - 0 26 

Hypochromic Anemia . . 

0 52 - 0 48 

0 28 - 0 18 

0 54 -038 

0 20 • 0 00 


046-04 0 

0 22-000 

Chrome Lymphocytic 

0 50 • 0 44 

0 36 - OJQ 

ChromcMyelocytic I eukemia 

0 60 - 0 50 

0 34 - 0 26 


Blood Findings in Disease 

I. Interpretation of a Leukocyte Count. 

A. Unfavorable Signs. 

1. Extreme leukocytosis with high percentage 
of neutrophils. 

2. Failure to develop leukocytosis. 

3. High proportion of immature cells. 

4. Numerous toxic forms. 

5. Marked absolute reduction of lymphocytes. 

B. Blood Picture During Recovery. 

1. Decrease in total leukocyre count and neutro- 
phils. 

2. Decrease of immature forms. 

3. Temporary increase of monocytes. 

4 Increase of eosinophils. 

5. Increase of lymphocytes. 

6. Absence or decrease of toxic forms. 

II. Leukopenia* 

A. LeuJiopcnia is a decrease in the total number 
of leukocytes. It is often associated with a 
decrease in polymorphonuclears, resulting in 
a relative lymphocytosis. 

B. Diseases Producing Leukopenia. 

L Infections. 

a. Bacterial— typhoid, paratyphoid, and bru- 
cellosis. 

b. Viral — influenza, measles, rubella, and 
psittacosis. 


c. Protozoal — malaria, relapsing fever, and 
kala-azar, 

2. Overwhelming infections — generalized milk 
ary tuberculosis and septicemia. 

3. Hemopoietic disorders— pernicious anemia, 
aplastic anemia, c hronic hypochroTru Fanemia, 
BantiVsynclrome, "Gaucher’s disease, myelo- 
phthisic anemia, aleukemic leukemia, and 
agranulocytosis. 

4. Chrome intoxications — lead, mercury, atsenic, 
gold, benzol, amidopyrine, dinitrophenol, sul- 
fonamides, barbiturates, morphine, ether, and 
alcohol. 

5. Cachectic and debilitated states and inanition. 

6. Overdose of Roentgen ray or radium. 

7. Anaphylactoid shock and early reaction to 
foreign protein. 

8. Miscellaneous — myxedema, lymphosarcoma, 
infectious hepatitis, cirrhosis of the liver, 
Felty’s syndrome, and lupus erythematosus 
disseminata. 

HI. Leukocytosis. 

A. Leukocytosis is a temporary increase in the 
total leukocytes or in the percentage of a 
certain type, usually due to a specific stimulus, 
such as an infection. 

B. Neutrophilia. 

1. Acute infections due to cocci, especially in 
pneumonia, scarlet fever,. and meningitis., 

2. Localized infections with accumulations of 
pus, especially when it is under pressure. 

3. Certain general infections , such as rheumatic 
fever, diphtheria, and smallpox. 

4. 'Hitoxications. 

a. Metabolic — uremia, diabetic acidosis, 
eclampsia, and gout. 

b. Poisoning by certain chemicals and drugs 

5. Hemorrhage-acute or sudden hemolysis of 
erythrocytes. 

6. Postoperative. 

7. Coronary thrombosis. 

8. Malignant neoplasms when growing rapidly, 
especially in the gastro-intestinal tract, liver, 
or bone marrow. 

9. Physiological during late pregnancy and labor,. 
after strenuous exercise, after repeated vomit- 
ing, convulsions, paroxysmal tachycardia, ac- 
companying severe pain, in the newborn, and 
in a moribund condition. 

C. Pori » op hi] in. 

1. Allergic conditions — bronchial asthma, hay 
fever, urticaria, serum sickness, and angio- 
neurotic edema. 

2. Skin diseases — pemphigus and dermatitis her- 
petiformis. 



92 


MANUAL OF CLINICAL LABORATORY METHODS 


3. Parasitic diseases — trichinosis, echinococca] 
disease, schistosomiasis, infestation with liver 
fluke, and some intestinal parasites. 

4. Certain infections — scarlet fever, chorea, 
erythema mukiforme, and chrome gonorrhea. 

J. Blood dyscrasias — Hodgkin’s disease, perni- 
cious anemia (especially after raw liver ther- 
apy), and after splenectomy. 

6. Following irradiation. 

7. Familial anomaly. 

B. Miscellaneous — periarteritis nodosa, Loeffler’s 
syndrome, tumors of ovary or those involv- 
ing serous surfaces or bones, and after certain 
poisons. 

D. Basophilia. 

Infections — chronic inflammation of sinuses, 
small pot, and chickenpox. 

Blood dyscrasias — sometimes in chronic he- 
molytic anemias, in chlorosis, and following 
splenectomy, 

3. Miscellaneous — Hodgkin’s disease and follow- 
ing injection of foreign protein. 

E. ^ 'Lym phocytoiit. 

1. Acute infections — pertussis, infectious mono- 
nucleosis, acute infectious "lymphocytosis, 
nyimps, rubella, infectious hepatitis. Dengue 
fever, and during the stage or convalescence 
from an acute infection. 

2. Chronic infections— tuberculosis, brucellosis, 
congenital and secondary syphilis. 

3. Common in bacillary infections. 

4. Miscellaneous— exophthalmic goiter. 

5. Normal in infants and young children. 

F. Monocytosis. 

1. Bacterial infections — tuberculosis, subacute 
bacterial endocarditis, brucellosis, typhus, ty- 
phoid fever, and during recovery from acute 
infections. 

2. Protozoal infections — malaria. Rocky Moun- 
tain spotted fe\er, kala-azar, trypanosomiasis, 
oriental sore, and chronic amoebic dysentery. 

3. Miscellaneous — Hodgkin’s disease, Gaucher’s 
disease, carbon tetrachloride poisoning, and 
during recovery from agranulocytosis. 

IV, Leukemia, 

A, Characteristics. 

1. Leukemia is an increase in leukocytes due to 
an unknown cause; in early cases and in re- 
missions the leukocyte count may be normal 
or subnormal (aleukemic). 

2. There is widespread hyperplasia of the he- 
matopoietic tissue producing the respective 
cell type. 

3. The hyperplasia produces excessive numbers 


of immature leukocytes which cither circu- 
late in the blood stream or become deposited 
in rite fixed tissues or both. 

4. As a general rule the acute forms have lower 
leukocyte counts than chronic forms and oc- 
cur in children or young adults. 

5. The chronic forms may simulate the acute 
forms in the final stage of the disease. 

6. The cells are atypical, particularly the im- 
mature ones. 

B. Classification (See Table IS). 

1. Acute Myelocytic Leukemia. * 

a. At least 30 per cent or more of the cells 
are myeloblasts; a few cases have a pre- 
ponderance of macromyeloblasts, while a 
few may have micromyeloblasts. 

b. A few- or many promyelocytes are 
present 

c. Very few mature neutrophilic polymor- 
phonuclear leukocytes are present, while 
eosinophilic and basophilic forms are 
usually absent 

2. Chronic Myelocytic Leukemia. 

a. Very few myeloblasts or promyelocytes. 

b. Segmented neutrophils comprise from 30 
to 70 per cent of the leukocytes. ' 

c. Many metamyelocytes and myelocytes 

present . ' 

d. There is an increase in eosinophilic and 
basophilic leukocytes. 

3. Acute Lymphocytic Leukemia. 

a. May have 50 to 90 per cent lymphoblasts. 

b. Many prolymphocytes are present 

c. Only an occasional granulocyte is found. - 

4. Chronic Lymphocytic Leukemia. 

a. From 90 to 99 per cent of the cells are 
small lymphocytes. 

b. An occasional large lymphocyte with an 
indented nucleus may be found. 

c. A great many smudge cells (degenerated 
forms) are present _ t j 

5. Acute Monocytic Leukemia. 

a. At least 20 per cent or more of the cells 
arc monoblasts. 

b. The majority of other cells are immature 
monocytes. 

6. Chronic Monocytic Leukemia. 

a. Schillmg type — a high percentage, B0 or 
more, of the cells are typical mature mono- 
cytes. 

b. Naegeli type — a high percentage of 
called monocytes or monoblasts are prob' 
ably atypical myeloblasts; myelocytes *** 
usually present 

7. Rare Leukemias. 

a Stem cell— majority of cells are too young 
to distinguish the type of cell. 
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b. Plasma cell leukemia. 

c. Chloroma — atypical acute myelocytic leu- 
kemia. 

d. Eosinophilic leukemia. 

e. Basophilic leukemia. 

f. Doubtful leukemias — megukaryocytic, 
lymphosarcoma cell, erythrofeukemia, and 
mixed cell leukemia. 


a. Infections — pertussis, chickenpox, infec- 
tious mononucleosis. 

b. Malignant tumors with metastasis to bone. 

V. Polycythemia, 

A. Polycythemia is an increase above normal in 
the number of erythrocytes in the circulating 
blood. 


Table IS. Average Blood Findings in Different Forms of Leukemia 



Acute 

Myelocytic 

Chronic 

Myelocytic 

Acute 

Lymphocytic 

Chronic 

Lymphocytic 

Acute 

Monocytic 

Chronic 

Monocytic 

W.B-C. (thousands per e. mm.). . 

R.B.C. (mill, per c. mm.) 

Hemoglobin (gm. per 100 cc.) 

Color Index 

Reticulocytes % 

Platelets (thousands per c. mm.) 
Differential Count, 

Myeloblasts % 

Promyelocytes % 

Myelocytes 

EarIy*Late*' 
10 - 100 
3* 1 

7- 3 

1 - 0 6 
5- 15 
100- 10 

30- 95 
25- 3 

Early Late 
40 - 800 
4- 2 

11 - 6 

1 - 0 8 
1- 15 
200 - 600 

1 - 5 

3- 8 

Early Late 

10 - 100 

3 - 1 

7 - 3 

1 - 0.6 

3 - 10 
100- 10 

Early Late 
75 - 400 

4 - 2 

11 - 6 

1 - 0 8 
1 - 5 

150 - 50 

Early Late 
10 - 100 
3- 1 

7 - 3 

1 - 0.61 
2- 8 
100- 10 

Earfy Late 
20-200 

4- 2 

11- 6 

1 - 0.8 

1 - 5 

300 - 100 









Basophilic %'. 

Metamyelocytes 



4- 9 





Bands 





2 • 0 



Segmented 





3- 0 

15- 0 

5- 0 

Eosinophilic % 

Basophilic % 

Lymphoblasts % 

Prolymphocytes % 

Lymphocytes % 

Monoblasts % 

Monocytes % 

5- 0 

5- 3 

IS- 5 

3- 1 

2 - 0 
Few 

50- 90 
40- 10 

Few 

2 - 3 

90- 95 

3- 2 

Great many 

10- 0 
20- 40 
40- 60 

-15 - 0 

2- 10 
80- 90 
Few 







•Figures under early mean average figures for the early stage of the disease. 
••Figures under late mean average figures for the fate stage of the disease. 


C. Blood Pictures Resembling Leukemia B. Relative Polycythemia. 

(UokemoM KmcUob). r/omm dehydration. 

1* See Table 16, ^ ^ Decrease in fluid intake. 

2. Diseases with blood picture which may re - b. Marked loss of body fluids resulting from 

semble myelocytic leukemia. _ _ / persistent diarrhea and vomiting. 

a. Infections— pneumonia, epidemic menln- h, Hemoconcentration due to shock. 

gitis, diphtheria, and tuberculosis. J 3, Due to some stimulus which releases erythro- 

b. Intoxications — eclampsia, severe bums, and j cytes from the spleen into the circulation, 

mercury poisoning. ' 

c. Malignant tumors with metastasis to bone, L* Erythrocytosis. 

multiple myeloma, myelosclerosis, and 1. An absolute polycythemia due to a known 
Hodgkin’s disease. stimulus. 

d. Severe hemorrhage, also sudden hemolysis 2. A result of defective saturation of the arterial 

of blood.' ~ blood with oxygen, either due to decreased 

3. Diseases with blood picture winch may re- atmospheric pressure or impaired pulmonary 

semble lymphocytic leukemia. , ventilation. 
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3. Due to slowing of the circulation rate (heart 
disease). 

4. Due to a defect m hemoglobin. 

D. Erythremia (Polycythemia Vera). 

1. An absolute polycythemia of unknown etiol- 
ogy- 

2. Blood btndings. 

a. Erythrocyte count 7 to 10 million per 

c. mm 

b. Hemoglobtn 18 to 24 gm pet 100 cc. 

c. Leukocytes range from 6 to 50 thousand 
per c. mm with a shift to the left. 

d. Platelets are increased 

e. Cell pack increased. 

f. The total volume of blood is increased 


c. Nucleated erythrocytes. 

d. Increased reticulocytes. 

e. Increasing erythrocyte count and hemo- 
globin. 

f. Normal indices. 

g. Polychromatophiha. 

2. Signs of increased blood destruction in ane- 
mias due to increased hemolysis 

a. Increased icterus index, 
b Increased indirect, but normal direct Van 
den Bergh test. 

c. Increased urobilinogen in urine and feces, 
d Normal indices. 

e. Poihilocytosis and anisocytosis. 

f. Accompanying signs of increased bone 
marrow activity. 


Table 16. Differentiation Between True Leukemia and Lf.uk emoid Reactions. 
(Hill and Duncan) 


True Leukemia 


1 Leukocytes are atypical, particularly the immature 
ones 

2 Myeloblasts may be numerous and as high as 99 per 
cent 

3 Immature erythrocytes are rarely increased in pro- 
portion to the increase of immature leukocytes 

4 Platelets decreased often severely, except in chronic 
myelocytic leukemia in which they are increased 

5 Progressive anemia which may become severe 


Leukemoid Reaction 

Immature as well as mature leukocyte* »bow normal 
morphology. 

Myeloblasts usually less than 10 per cent 

Crythroblasts often increased in proportion to Immature 
leukocytes 

Platelets usually normal or increased but may be mod- 
erately decreased 

Anemia variable depending on the cause 


y vi Anemia. 

A- Anemia is a reduction below normal in the 
number of erythrocytes per c. mm., the quan- 
tity of hemoglobin, and the volume of packed 
erythrocytes per 100 cc. of blood. 

B. Crimes of 4nemin. 

1. Increased blood destruction. 

a. Loss of erythrocytes outside the vascular 
bed — hemorrhage. 

b Increased destruction of erythrocytes 
wjthin the vascular bed — hemolysis. 

2. Decreased production of erythrocytes or he- 
moglobin. 

C. Correlation of Laboratory Findings tcilh 
Cause of Anemia. 

1. Signs of increased blood production in anemias 
due to blood loss (hemorrhage) 

a. Increased platelets 

b. Increased leukocytes with a shift to the 
left. 


1) Normoblasts. 

2) Polychromatophiha. 

3) Increased reticulocytes. 

4) Increased platelets. 

5) Increased leukocytes with a shift to 
the left. 

3. Signs of decreased production of erythro- 
cytes. 

a. Decreased platelets 

b. Decreased leukocytes. 

c. Decreased erythrocytes. 

d. High color index. 

e. Macrocytes. 

f. Megaloblasts. 

4 Signs of decreased production of hemoglo rn 

a. Decreased platelets 

b. Decreased leukocytes. 

c. Decreased erythrocytes. 

d. Low color index. 

e. Microcytes. 

f. Hypochromia 
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VII. Etiological Classification of Anemias. 

A. Anemias mainly due to blood loss or in- 
creased blood destruction (bone marrow 
physiologically hyperactive). 

1. Blood loss. 

a. Acme. 

b. Chronic.* 

2. Increased blood destruction. 

a. Extrinsic causes. 

1) Infections — streptococcus, CL per- 
fringens (welchh), malaria, bartonella, 
etc, 

2 ) Chemicals — lead, nitro-compounds, etc. 

b. Intrinsic causes. 

1) Acute hemolytic anemia (Lcderer). 

2) Paroxysmal hemoglobinuria. 

3) Chronic hemolytic jaundice. 

4) Sickle cell anemia. 

B. Anemia mainly due to decreased blood 
production (bone marrow physiologically 
hypoactive) . 

1. Nutritional deficiency of the blood-forming 
organs. 

a. Deficiency of the antianemic principle. 
(Usually macrocytic hyperchromic ane- 
mia.) 

1) Pernicious anemia. 

2) Pernicious anemia of pregnancy. 

3) Macrocytic anemias of gastric resec- 
tion, intestinal anastomosis, and stric- 
tures. 

4) Sprue and sprue-like conditions. 

5) Macrocytic anemia of pellagra. 

6) Macrocytic anemia of liver disease. 

7) Parasites (Diphyllobothrium latum). 

b. Deficiency of iron. (Usually microcytic 
hypochromic anemia.) 

1) Hypochromic anemias of infancy and 
childhood. 

2) Chlorosis. 

3) “Idiopathic” hypochromic anemia. 

4) Hypochromic anemia of pregnancy. 

5) Hypochromic anemias of gastric re- 
section, intestinal anastomosis, and 
strictures. 

6) Sprue and sprue-like conditions. 

7) Parasites (hookworm). 

c. Deficiency of ascorbic acid. 

d. Deficiency of thyroid secretion. 

2. Toxic inhibition of the blood-forming organs. 

a. Poisons of external origin: Benzol, arsphen- 

amine, and gold compounds. 

•Anemia due to chronic blood loss differs from the 
other type* in this grotm; physiologically it belong* 
with hypochromic anemias due to deficiency of iron. 
The bone marrow is physiologically hypoactwe. 


b. Toxins of internal origin: In chronic in- 
fections and chronic nitrogen retention. 

3. Physical injury of the blood-forming organs. 

a. External irradiation: Roentgen ray. 

b. Internal irradiation: Radioactive sub- 
stances. 

4. Mechanical interference acith the blood-form- 
ing organs. 

a. Acute leukemias. 

b. Chronic leukemias. 

c. Multiple myeloma and plasmoma. 

d. Massive metastatic cancer of the bone 
marrow. 

e. Primary' xanthomatoses. 

f. Osteosclerosis. 

5. Idiopathic disturbances of the blood-fomnng 
organs. 

a. Erythroblastosis fetalis. 

b. Cooley’s anemia. 

c. “Aplastic” anemia. 

d. "Splenic" anemia (Banti's syndrome). 

V3H. Morphological Classification of 
the Anemias. 

A. Macrocytic Anemias. (For indices, see Table 

7, p. 44.) 

1. Macrocytic hyperchromic anemia due to de- 
ficiency of antianemic principle which is nec* 
essary for the maturation of the erythrocytes 
from the megaloblastic stage— pernicious ane- 
mia and anemia of liver disease and pellagra. 

2. Macrocytic normochromic 'anemia due to 
acute blood loss or increased blood destruc- 
tion if accompanied by markedly hyperactive 
bone marrow. 

3. Macrocytic hypochromic anemia found in: 

✓a. Pernicious anemia of pregnancy. 

b. Macrocytic anemia of gastric resection, 
intestinal anastomosis, and strictures. 

c. Sprue and sprue-like conditions. 

d. Parasites (Diphyllobothrium latum). 

B. /Vormocytic Normochromic Anemia — May 
be due to one of the following causes (for 
indices, see Table 7): 

1. Acute blood loss — posthemorrhagic anemias. 

2. Increased blood destruction — hemolytic ane- 
mias. 

3. Decreased blood production resulting from 
reduced function of the erythropoietic tissue, 
due to the following: 

a. Inhibiting effect of toxins or poisons as in 
infections or chronic kidney disease. 

b. Injury by physical agents, such as Roent- 
gen ray or radium. 

c. Mechanical interference as in replacement 
of bone marrow by tumor, leul'emic tis- 
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sue, or by overgrowth of bone (general- 
ized osteosclerosis). 

d. Idiopathic disturbances — congenital ane- 
mias of infants and erythroblastic, aplastic, 
and splenic anemias. 

C. Microcytic Anemias. (For indices, see Table 
7 on page 44 ) 

I. Microcytic normochromic anemia due to im- 
perfect blood formation, 
a Subacute and chronic inflammations, such 
as nephritis. 

b Chronic noninflammatory diseases, such 
as malignant tumors 

2 Microcytic hypochromic anemia due to de- 


ficiency of iron. 

a. Iron is necessary for the completion of 
maturation from the normoblastic stage 
and the normal filling of erythrocytes with 
hemoglobin. 

b Deficiency of iron may be due to the fol 
lowing 

1) Inadequate intake 

2) Faulty absorption. 

3) Defective storage in liver. 

4) Continued loss of blood. 

5) Excessive demands. 

D. Laboratory Findings In Anemias. Sef 
Tables 17 and 7. 


Table 17. Average Findings m Different Forms of Anemia 


” Microcytic 
\romic 




Hypochi 

Anew 


nemia 


Macrocytic 

Hyperchromic 

(Pernicious) 

Anemia 


Anemia In 
Chrome 
Hemolytic 
Jaundice*’ 


Hemoglobin (gm per IOO cc ) 

R B C (mill per c ram.) 

WBC (thousands per C mm ) 

Color Index 

Mean Corpuscular Hgb (micromicrograms) 
Volume Index 

Mean Corpuscular Volume (c microns) 
Saturation Index 

Mean Corpuscular Hgb Cone. (%) 

Macrocytosis 

Microcytosis 

Hypochromia 

Megaloblasta 

Normoblasts 

Reticulocytes (%) 

Platelets (thousands per c mm ) 

Icterus Index 
Fragility range 
Indirect Van den Bergh 
Urobilinogen (urine) 


27-32 
0 9 11 

SO 94 
I 0 
32 36 
None 
None 
None 
None 
None 
0 5-15 
200 400 
4 6 

0 30 - 0 44 
Normal 
Normal 


4- 8 
3-4 5 

5- 7 

0 4-08 
14 21 
0 7 0 9 

50-71 
0 6-09 
21-29 
None 

++ to +++ 
++ to + + + 
None 

+ 

1 3 

250 . 300 
3- 5 
Normal 
Normal 
Normal 


12-2 
30^12 
12-2 
95-160 
0 9-10 
31-36 

++to+++ 

+ 

None 

+ 

it 3. 

50 - 150 
10-30 
Normal 
+ 

+ 


7-10 
0 8- 1 
27-32 
0 7-1 
77-87 
1 0 

32-36 

None 

-F+ 

None 

+4- to ++ + 
10-40 
300-400 
10-50 
0 48 - 0 80 


+S!ight ++Moderate +4 -(-Marked 
•Great increase after liver therapy 
••Hereditary factor, usually splenomegaly 





Gastric and Duodenal Contents 


General Coup Id era I Ions 

Digestion in the stomach consists mainly of the 
action of pepsin upon proteins in the presence of 
hydrochloric acid and m the curdling of m31c by 
rennin. The gastric mucosa secretes pepsinogen, 
renninogen, and hydrochloric acid, the latter 
converts the former two into the enzymes, pep- 
sin and rennin. The hydrochloric acid also com- 
bines loosely with the proteins of the food 
forming acid metaprotein, the first step in pro- 
tein digestion. This acid metaprotein is called 
“combined” hydrochloric acid. The acid secreted 
after the proteins are converted to acid metapro- 
tein remains as “free” hydrochloric acid. This 
free acid continues the process of digestion, acts 
as an antiseptic on ingested bacteria, and pro- 
motes the absorption of iron by transforming 
ferric to ferrous salts. The amount of acid in 
the stomach is an indicator of the secretory ac- 
tivity of the stomach. In addition to the produc- 
tion of acid and enzymes, the stomach secretes the 
“intrinsic" factor which with the “extrinsic" 
dietary factor (B^) produces 'the erythrocyte 
maturation factor. 

Normally the stomach secretes gastric juice 
when stimulated by the presence of food, tnere- 
fore, gastric analysis is usually made after a test 
meal or histamine injection, but it may also be 
made on the fasting contents removed from the 
stomach 12 or more hours after a meal. The fol- 
lowing are contraindications of passage of a 
stomach tube.* stenosis or malignant tumor of 
the esophagus, aortic aneurism, esophageal vari- 
ces or diverticula, recent severe gastric hemor- 
rhage, and cardiac decompensation. In preg- 
nant or severely ill persons, a tube should be 
passed only upon urgent indication. 

Obtaining Contents 
L Withdrawn! of Contents. 

Types of Stomach Tubes. 

An E wald or Boas tube is a flexible rubber 
tube about 12 mm in diam eter. 

a. A rubber bul b isusecTa's the as pirator. 

b. This t ype of tuheJ s_use3^w£?n only one 

S e cimen is desired or fp r washing out 
e st omach "m cascTof poison ing. . 
The Levin e~tube~is a soft rubber catheter 


A. 

1 . 


with several openlngspear the rip. 

a. It is marked at and tiO.crn. 

1) The first mark "Indicates the distance 

from the lips t o the cardiac end of the 
sto mach. ’ 

2) The third mar k indicates th e distance 
to th e pyloru s, 

3) The fourth mark indicates the distance 
to the duodenu m. 

b. It is used when the tube is left in the 
stomach for a period o f time a s in the 
fracti onal tes t. 

c. The gastric co ntents are asp irated with a 
glas s syri nge. 

3. The Re Huss tube is simil ar to_thc Levine tube 
except it has a metal tip on one end and is 
usually s maller in diameter. I t is used mainly 
for duod enal oT biliary^ dra inage. 

B. Passing of Stomach Tube . 

1. Cover the patient’s clothing with towels or 
an apron and "give him a pan to hold. Assure 
him that the introduction of the tube can 
do him no harm and that if he can control 
the spasm in his throat, he will experience 
very little choking sensation. 

2. The tube should be cold. Let it stand in cold 
water 30 minutes before using. 

3. The patient should be instructed to breathe 
through his mouth. 

4. His head should be held down with the mouth 
open and the tongue out forming a groove. 

5- The tip of the tube is introduced far back 
into the pharynx. 

6. The patient is urged to swallow and the tube 

is pushed into the stomach until the second 
mark on the tube reaches the incisor teeth. 
If it is impossible for the patient to swallow 
the tube, the throat may be sprayed with 1 % 
cocaine. „ 

7. The patient should expectorate into the pan 
any saliva which appears in the mouth, for if 
swallowed it interferes with the test. 

8. A Levine tube may be introduced through 
the nose. 

a. Lubricate the tip with a few drop? of 
glycerin or vaseline. 

b. Introduce the tube along the floor of the 
nose until the tip turns down into the 
pharynx. 
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c Hav e the patient swallow repeatedly and 
push the tube down slowly as he swallows 
until i? is well into the esophagus then it 
may be rapidly passed to the third mark. 

C fTilhdramng Contents 

1 When an Euald tube is used, pass it into the 
Stomach, compress the bulb attach it to the 
end of the tube and withdraw the enure 
contents 

a When no more contents can be obtained 
pull the tube out about an inch and try 
again repeat this until the first mark on 
the tube is at the incisor teeth 
b Push down to the second mark again and 
see if any more contents can be obtained 
c Pinch the tube to retain any contents and 
pull it out 

2 In the fracuonal test with the Rehfuss or Le 
vine tube samples are removed at definite 
intervals with a glass syringe 

3 After removing the tube at the end of the 
test examine the np for mucus, blood clots, 
tissue fragments,- and food panicles 

4 Clean the tubes glass syringe and bulb with 
running water Stenhze by boiling m distilled 
water for 5 minutes and then fold in clean 
towels ready for use, 

II Fasting Contents. 

A. Instructions to Patient 

1 Eat a meat sandwich* 20 raisins, and drink 
one glass of water before retinng the night 
before reporting to the laboratory 

2 Do not eat or drink anything after this meal 
until the stomach contents are removed. 

3 Do not brush teeth the morning of the test 
as swallowed blood from bleeding gums will 
give a posiuvc blood test. 

B Obtaining Contents 

1 Twelve hours after the above meal pass an 
Ewald or Levine tube as described under 
passing stomach tube 

2 Remove the fasting contents 

3 See examination of fasting contents on page 
103 

m Gastric Washings for Tubercle Bacilli. 
A. Obtaining Material. 

1 Should be done as soon as possible after the 
paaent awakens in the morning 

2 No food or fluid should be taken. 

3 Pass a Rehfuss or Levine tube as described 
under pass ng stomach tube 

4 Pump out the fasnng contents and place m 
a sterile 50 cc centrifuge tube. 

5 Inject 50 cc. of warm 0 85% Nad solution 


through the tube into the stomach 

6 Wash out the stomach by withdrawing and 
reinjecting the saline solution 3 or 4 times, 

7 Withdraw contents and place m another 
sterile 50 cc centrifuge tube 

8 If the fasting contents and w ashings cannot be 
immediately digested for the guinea pg in 
oculanon they should be pooled and then 
neutral zed with a 2% solution of NaOH 

B Cuinen Pig Inoculation See directions on 
page 200 

n Duodenal Drainage. 

A Pasting Tube Into Duodenum 

1 Patient must not have had any food for !2 
hours. 

2 Pass a Rehfuss rube with a metal op into 
the stomach to the second mark as described 
under passing stomach tube. 

3 Remove any material in the stomach and 
wash stomach repeatedly with warm water 
until it returns clear 

4 Place patient on right side elevate the hips 
6 to 8 inches, and flex the right knee 

5 This position permits gravity to a d penstal 
sis in carrying the end of the cube through 
the pylorus also in letting the gastric and 
duodena! contents drain spontaneously 
through the tube 

6 Push the tube in slowly — I inch a minute 
to the third mark. 

7 Place the end of the gastric tube in a large 
test tube 

8 Replace test tube with a clean tube every 30 

minutes. 

9 Test the reaction of the contents of the tube 

when alkaline the tube has passed into the 
duodenum. 

10 A fluoroscopic examination may be neces 
sary to verify the position of the tube in 
the duodenum. 

B Collection of Duodenal Contents 

1 Collect the duodenal contents in a clean test 
tube 

2 The contents are generally less than 10 cc, 
slightly syrupy water clear or pale yellow 

V Biliary Drainage. 

A Stimulation of Secretion. 

1 Pass a Rehfuss tube into the duodenum (s w 
duodenal drainage) 

2 Inject 3 portions of 25 cc. each of warm 
sterile 25% magnesium sulfate solution into 
the tube at 10 minute intervals 

3 Th* magnesium sulfate relaxes the sphincter 
of Oddi and stimulates the flow of bile. 
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4. The bile drains spontaneously, gradually 
changing from one type to the next. 

B. Types of Bite. 

1. The first bile, “A,” to drain is golden yellow 
color and comes from the common bile duct 
Collect in a test tube labeled A. The amount 
varies from 5 to 30 cc. 

2. The second type of bile, “B,” is yellow-brown 
to dive green, viscid, and coroes from the gall- 
bladder. Collect in another test tube labeled 
B. The amount varies from 30 to 60 cc. The 
terminal portions are used for bacteriological 
study. 

3. The third type of bile, “C,” is light yellow 
and comes from the liver. Collect in a test 
tube labeled C. The amount varies from 30 
to 200 cc. 

Different Types of Test* 

I. Ewald Test Meal (Modified). 

A. Routine Method. 

1 The patient is instructed to take no fluid or 
food after the evening meal of the day pre- 
ceding the test. 

2. On the following morning pass a Levine 
tube and obtain the fasting contents; with the 
tube taped to the cheek give an Ewald test 
meal consisting of six Arrowroot cookies and 
2 glasses of water. 

3. The contents of the stomach are removed 
after 50 minutes, counting from the begin- 
ning, not the end, of the meal. 

4. Make a routine examination of the contents. 

B. Fractional Method. 

1. Give a meal as in the routine method.. 

Z. At 30 minute intervals for 2 hours, remove 
samples of abour 15 cc. each. At the end 
of 2 hours remove everything remaining in 
the stomach. 

3. Measure the amount in each of the 30 minute 
specimens, filter, and titrate the free hydro- 
chloric acid and total acid in each. 

4. Do a complete routine examination on the 
specimen removed at the end of the first 
hour, 

5. If there is no free hydrochloric acid in any 

of the specimens taken during the first hour, 
inject 0.25 mg. of histamine base (0.7 cc. of a 
1:1000 dilution of histamine phosphate) pib- 
cutaneously and continue test as described 
above. . 

II. Alcohol Teat Meal 

A. O&tmm'njf Content*. 

1. The patient is instructed to take no food or 
fluid after the evening mraLoLihe day pre- 
cedi ng^ th ejest. 


2. On the following morning pass a Levine tube 
and withdraw ail the fasting conte nts. Leave 
the tube i n pla ce. 

3. Inject 50 ; c. of 7 Jo alcohol throug h the tube 
into the stomac h. 

4. Withdraw all rhe c ontents o btainable every 
30 m inutes for 2 hours and jriace each in a 
separ ate test tube . 

B. Examination of Contents. r 

1. Measure the amount and titrate the free hy- 
droch loric acid and total acid of each speci- 
men including the fasting contents. 

2. Run a complete analysis on the first hour 
specimen. 

fir. Histamine Test. 

A. Obtaining Contents. 

1. The patient is instructed to take no food or 
fluid after the evening meal of the preceding 
day. 

2. On the following morning pass a Levine tube 
and withdraw all the fasting contents. Leave 
the tube in place. The patient shoufd be ad- 
vised to take particular care not to swallow 
saliva as histamine stimulates the salivary 
glands. 

3. Amount of Histamine. 

a. Inject 0.25 mg. of histamine base (0.7 cc. 
of a 1:1000 dilution of histamine phos- 
phate) subcutaneously, care being taken 
not to get any in a vein. 

b. A dose of 0.05 mg. for each 10 kilo- 
grams of body weight is preferred by 
some, but it may produce a reaction (flush- 
ing of face, quickening of the pulse, and 
physical discomfort). 

c. Contraindications to histamine are low 
blood pressure or an unstable vasomotor 
system. 

4. Withdraw all the contents obtainable at 20 
minute intervals for 80 minutes and place each 
in a separate test tube. 

B. Examination of Contents. 

1. Measure the amount and titrate the free hy- 
drochloric acid and total acid of each speci- 
men including the fasting contents. 

2. Run a complete analysis on the 40 minute 
specimen. 

Routine Examination of Gastric Content* 

I. Physical Examination. 

A. Quantity, 

]. Norma) )y there are from 2D to J DO cc. oj 
gastric contents after an Ewald meal. From 
15 to 50 cc. are obtained 20 minutes after a . 
histamine injection. 
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2 An increase may occur in obstruction at or 
near the pylorus and in acute or chronic 
dilatation of the stomach 

3 A decrease may be due to hyposecrction or 
hypermotility with too rapid emptying of the 
stomach Incomplete removal of tne contents 
must be ruled out. 

B General Appearance 

1 Normal gastric contents are watery with a 
mixture of food particles, whch should be 
ver) fine after an hour s digestion and which 
settle to the bottom upon standing 

2 The proportion of solid to liquid should be 
about I to 3 

C. Color 

1 Normally the solid portion is opaque gray, 
the supernatant fluid is slightly cloudy 

2 Abnormally it is colored by 

a. Different kinds of food left in the stom 

ach because of stasis 
b Blood 

1) Red if fresh If in clumps it is prob 
ably due to trauma from swallowing 
the tube and should be so reported 

2) Coffee ground color after it has been 
acted upon b) gastric juice 

c. Bile 

1) Yellow if fresh, greenish if old 

2) Fresh bile is sometimes normally pres- 
ent due to excessive straining 

3) If present in repeated tests is usually 
due to some disease 

d Feces — brownish black m intestinal ob- 
struction 

D Odor 

1 Normally odorless or slightly sour 

2 Alcohol c in alcoholic coma and after an alco- 
hol test meaf 

3 Ammomacal in uremia.' 

4 Fecal in intestinal obstruction. 

5 Rancid in benign stenosis and fermentation 

6 Putnd odor m pyloric stenosis due to ulcer 
ated necrotizing carcinoma 

E Mucks 

1 Swallowed mucus is in masses. 

2 If from the stomach it is intimately mixed 
With the contents is slimy m appearance and 
adheres to the side of the glass container when 
it is tipped 

3 If present in large quantities, it suggests a 
catarrhal type of inflammation 

II. Chemical Examination 

A. Reaction. 

1 Test with Congo red paper, if free hydro- 
chloric acid is present, the paper will turn 
blue 

2 The pH is an index of activity of the acid 


rather than the amount, 
a. A pH of 1 6 to 1 8 is normal 
b A pH of 1 4 or lower represents a high 
acidity 

c A pH of 2 0 to 2 8, a low acidity 

d. A pH of 3 0 or higher, achlorhydria (an 
acidity) 

e. A pH of 7, true anacidity, is a rare con 
dinon. 

3 May be neutral or alkaline due to contami 
nation with an excess of saliva ingestion of 
alkaline material or regurgitation of bile and 
duodenal fluid 
B Acids 

1 Free Hydrochloric Actd ( HCl ) 

a Filter enough gastnc contents through 
gauze so that 10 cc can be measured with 
a pipette into a 100 cc beaker or flask. 
(When volume is scry small centrifuge ) 
b Add 4 drops of 0 5% alcoholic solution 1 
of p-d methylammoazol enzene (Topfer’s 
reagent) 

c. A red color appears if free HQ is present 
d Add 0 1 N NaOH from a burette until 
the imoal red color has been replaced 
by a salmon p nk color (sate for tun 
tion of combined acid) 
e The number of cc of 0 1 N NaOH used 
mulnphed by 10 gives the amount of free 
HQ present m J00 cc. of contents, ex 
pressed in terms of cc of 0 I N NaOH 
f Acid ty mat also be expressed in degrees 
each cc of 0 1 N NaOH per 100 cc. of 
gastnc contents represents one degree of 
acidity 

g If it is desired to express the acidity in per 
cent of HQ that is, the amount of HQ 
by weight m lOO cc. of gastrre juice md 
tiply the value obtained in (e) by 0 00365 
since 1 cc of 0 1 N HCl contains 0 00365 
gm HQ 

h Norms! values (etichlorbydna) 

1) Fasting — 5 to 20 degrees however 4 
per cent of children and 30 per cent 
of adults have no free HCl 

2) rifty minutes after an Ewald meal- 
20 to <50 degrees 

3) One hour after an alcohol meal — 30 
to 70 degrees. 

4) One hour after histamine — 30 to 8J 
degrees. 

i. Abnormal values 

1) Increased (hypcrchlorhydna) in neu 
rosis peptic and duodenal ulcers, ana 
beginning chronic gastrins. 

2) Decreased (hypochlorhydna) m 
chrome gastrins, early gastnc carci 
noma, pellagra, and in some neuroses. 
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3) Absent (achlorhydria) in gastnc car- 
cinoma, syphilis of the stomach, chron- 
ic atrophic gastrins, pernicious ane- 
mia, hypochromic microcytic anemia, 
chrome alcoholism, sprue, many cases 
of pellagra, and sometimes m hysteria 
and pulmonary tuberculosis. 

4) Achylia gastrica (complete absence of 
free HQ and ferments) in chrome 
atrophic gastritis, pernicious anemia, 
gastnc carcinoma, and hypochromic 
microcytic anemia 

2 Combined Acid 

a. Add 4 drops of 1% alcoholic solution of 
phenolphthafem to the same sample of 
gastnc contents previously used for titrat- 
ing free HQ 

b Add 0 1 N NaOH until the first perma- 
nent pmk (not red) color appears 
c The number of cc used m this second 
titration multiplied by 10 equals the 
amount of combined acid in 100 cc of 
contents, expressed in cc of 0 1 N NaOH 
or as degrees 

d. Normal values 

1) Fasting — 10 to IS degrees 

2) Fifty minutes after an Ewald meal- 
20 to 30 degrees 

e, Abnormal values (decreased) are found 
when there is an achlorhydria 

3 Total Acid 

a The free HCI plus the combined acid 
equals the total acidity 

b Total acidity includes free HQ, combined 
HQ, organic acids, and acid phosphates 
c. Normal values 

1) Fasting — 15 to 45 degrees 

2) Fifty minutes after an Ewald meal — 
50 to 75 degrees 

d Abnormal values found in same conditions 
as described under free HQ. 

1) Increased in cases with hyperchlorhy 
dna. 

2) Decreased in cases with hypochlorhy 
dria and achlorhydria 

4 Lactic Acid (Kell mg’s Test) 

a Prtnctple Feme chlonde is converted to 
ferric lactate by hcac acid 
b Always test for lactic acid if the free HQ 
is below 20 degrees 

c To a test tube of water, add 3 to 4 drops 
of 10% feme chlonde solution 
d Shake the tube and pour one half of the 
contents into another test tube of the same 
size for a control. 

e Add 1 cc. of filtered gastnc contents to 
one tube and if lactic acid is present a 
distinct brilliant yellow color will imme- 


diately appear 

f Normally* it is not present at the height 
of digestion 

g It may be present in the following 

1) Whenever there is a decrease or ab 
sence of free HQ due to carcinoma, 
dilatation of the stomach, or chrome 
gastritis 

2) In stagnation due to p)lonc obstruc 
bon associated with hypochlorhydria. 

C. Pepsin and Pepsinogen. 

1 Preparation of egg albumin disks 

s Bod an egg i ery slowly untd the albumin 
is coagulated 

b Remove the shell and yolk 
c With a cork borer cut the coagulated 
albumin (egg white) into small cylinders 
about 5 mm in diameter 
d Section the cylinders into disks about 1 
mm thick 

e The disks may be preserved in glycerin 
until needed, out must be washed in wa 
ter before being used 

2 Place an albumin disk into each of 3 test tubes 
marked 1, 2, and 3 

3 In tube 1 place 10 cc. of distilled warer, 5 
grains of pepsin, U.S P , and 3 drops of 10% 
HQ 

4 In tube 2 place fO cc of filtered gastnc juice 

5 In tube 3 place 10 cc. of filtered gastric juice 
and 3 drops of 10% HQ 

6 Place the tubes in a 37 °C incubator or water 
bath for 3 hours or longer and observe at 30 
minute intervals. 

7 Results 

a Tube 1 is used for companson and should 
show the effect of normal gastric juice, 
the albumin should be completely digested 
m 3 hours. 

b Digestion of the albumin in tube 2 ind* 
cates the presence of both pepsin and free 
HQ in the gastnc juice 
c No digestion m tube 2 and digestion in 
tube 3 indicates pepsinogen is present, 
having been converted to pepsin by the 
HQ added 

d If digestion fails to take place in tube 3, 
both pepsin and pepsinogen are absent. 

D ftennfa. 

1 Neutralize 5 cc of gastnc juice with 0 01 N 
NaOH using phenolphthalem as an indicator 

2 Add 5 cc of fresh milk and place m a 40*G 
water bath 

3 A normal amount of rennm wifi coagulate 
the mdk in 10 to 15 minutes 

4 Delayed coagulation indicates a diminished 
amount. 
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E. Blood 

1 Normally no blood is found, small clumps 
may be present due to trauma in passing the 
tube 

2 Found in peptic ulcers, gastric carcinoma, 
varices of the esophagus or stomach, chronic 
passive congestion violent or prolonged tom 
mng, bleeding papilloma or blood dyscrasia. 

3 Vomiting of blooa (hematemesis) may be mis- 
taken for pulmonary hemorrhage (hemopty- 
sis) 

a In hematemesis the fluid is acid m reac- 
tion, usually dark red or brown in color, 
and clotted 

b In hemoptysis the fluid is brighter red, 
frothy, alkaline and usually muted with 
mucus, 

4 See page 14 for principle and general con 
sidcration of the blood tests 

5 Benzidine T est 

a Place a pocket knife point full of benzi 
dine base in a test tube 
b Add 3 cc of glacial acetic acid and shake 
until the acetic acid is thoroughly satu- 
rated If necessary add more benzidine 
c Allow the benzidine to settle and pour 
the clear supernatant liquid into another 
test tube (A saturated solution 4 gm. of 
benzidine in 100 cc of glacial acetic acid 
will keep for 2 weeks in a brown bottle ) 
d To 1 cc. of this fluid add 2 cc. of unfiltcred 
gastric contents and mix. (If there is fat in 
the gastric contents, see confirmatory test 
below ) 

e. Add 1 cc. of fresh 3% hydrogen peroxide 
and mix. 

f A blue or green color appearing within 
5 minutes indicates die presence of blood 
g If positive, report as follows 

Trace — funt green 
+ = green 
+ + — greenish bine 
+ + + =blne 
+ + + + = deep blue 

h. Phis test is more sensitive than the guaiac 
test. 

6 Guaiac Test 

a. Place a pocket knife point full of pow 
dered guaiac in a test tube, add 2 cc. of 
95% alcohol and mix (A I 25 solution of 
guaiac in alcohol keeps for 8 months in 
a brown bottle ) 

b Add 2 cc. of fresh 3 % hydrogen peroxide 
and shake 

c. To 4 cc. of gastric contents (not filtered) 
add 3 or 4 drops of glacial acetic acid 


and mix thoroughly (If there is fat in 
the gastric contents, sec confirmatory test.) 
d Pour die guaiac solution slowly down the 
side of the tube to form a layer on top 
of the gastnc contents 
c. If blood is present, a green to blue coloi 
will appear at the zone of contact 
f The intensity of color and width of the 
zone will vary with the amount of blood 
present See benzidine test for method of 
reporting results 

7 Confirmatory Test 

a. If fat is present, make 10 cc of unfiltered 
gastnc contents slightly alkaline to litmus 
or mtrazine paper with a few drops of 
10% NaOH 

b Extract with an equal amount of ether 
shaking gently, then discard the ether 
which contains the fat 

c. Make the gastnc contents strongly acid 
with a few drops of glacial acenc acid 
and extract again with ether, which will 
contain any hemoglobin present. 

d. Place the ether in an evaporating dish and 
evaporate to dryness over a water bath. 

e Dissolve the residue in 1 cc. of water, then 
add either benzidine or guaiac as described 
m above methods. 

T Bile Pigment 

1 Shake 5 or 10 cc. of unfiltered gastnc con 
tents with an equal amount of 10% banum 
chlonde solution and let stand a few minutes. 

2 Tilter through a small filter paper 

3 Partially dry the filter paper ana add a drop 
of yellow mtnc acid or Fouchet s reagent to 
the center of the precipitate on the filter 
paper 

4 If positive with nitric acid, there is a display 
of colors, green on the penphery, then in 
order toward the center, blue, violet, red, and 
yellow The absence of green excludes the 

f iresencc of bile 

f positive with Fouchet s reagent, there is a 
blue to green color 

6 For principle of test and its reagents, see page 
12 in Section on Urinalysis 
7 Small quantities of fresh yellow bile may' be 
normally present. 

8 Large quantities of old bile (green) in pa 
tients accustomed to the stomach tube may 
indicate duodenal obstruction hyperchlorhy 
dna, bibary tract disease duodenal ulcer or 
a rigid pylorus due to scarring or adhesions 

III Microscopic Examination 
A. Smear — make a smear of the unfiltcred con 
tents, dry, and stain by Gram’s method. 
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B. Examine for the following. 

1 Pus Cells— normally not present bnt may be 
found m a few cases of gastric carcinoma or 
gastritis. 

2 Erythrocytes— when only a few corpuscles 
are present, they are usually due to irritation 
of the gastric mucosa by the tube. 

3 Mucosa — occasionally small fragments are 
found in some cases of carcinoma, hypertropic 
gastritis, atrophic gastritis, or ulcers 

4 Epithelial Cells — squamous cells derived from 
the esophagus have no significance. Columnar 
cells may be found in gastritis Deeply bile- 
stained columnar cells in fasting contents may 
indicate gallbladder disease 

5 Yeast Cells — a few may be found normally, 
but a large number indicate retention and 
fermentaoon 

6 Bacteria — numerous bacteria may be present 
especially in absence of free HC1 The pre- 
dominant organisms are gram positive Only 
the following have significance 

a. Sarctnae are large gram positive cocci, ar- 
ranged in cuboid groups They are only 
significant in large numbers and indicate 
stasis without decrease in acidity They 
are found in ulcers producing pyloric 
obstruction Their presence usually ex- 
cludes carcinoma 

b Boas Oppler bacilli are large (5 to 10 mi- 
crons long) gram positne bacilli arranged 
in clumps or end to end in zigzag chains. 
They are important only when found in 
forge numbers They occur in the major- 
ity of cases of carcinoma, especially those 
causing pylonc obstruction and indicate 
achlorhydria with gastric stagnation 

Examination of Fasting Contents 
I Quantity 

A. Normal Amount— usually 10 to 50 cc 

B Abnormal Amount — o\er 50 cc indicates 
hypersecretion, hypomotihty, or obstruction. 

II General Appearance 

A. Normal Contents 

1 Gray, thin mucoid fluid wtih 5 per cent 
sediment consisting of exfoliated epithelium, 
few Jeukocy tes and a few bacrena. 

2 Bile maj normally be present in 2 conditions 
a Reversed peristalsis if the patient gags in 

swallowing the tube 

b Regurgitation of duodenal contents in a 
physiological attempt to lower a hyper 
acidity 


B. Abnormal Content*. 

1 May be red from fresh blood, or dark “cof 
fee grounds” from altered blood. 

2 Cloudy from food, pus, or epithelium. 

3 Syrupy or ropy from an excess of mucin. 

4 Bile colored 

5 Macroscopic food always indicates stasis 

IQ. Mucus 

A. Normally present in stomach contents i~ 
small quantities x 

B Abnormal Amounts 

1 When sufficient to give a slight white cloudy 
precipitate on the addition of a drop of glacial 
acetic acid to the filtered contents (too much 
acetic acid dissolves mucus) 

2 Marled excess of mucus is significant of ca 
tarrhal gastritis, achylia, and in great quantity 
of gastromyxorrhea 

IV. Chemical Tests 

See routine examination of gastnc contents, page 
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V. Microscopic Examination 

A Unstained Smear 

1 Look for meat fibers, striated or partially 
digested, and fruit pulp 

2 Starch granules stain blue with a drop 0 f 
Lugol s solution 

3 Fat globules stain orange with Sudan III 

4 Normally there should be no food particles 
present a hones alter a meal 

B Stained Smear (Gram Stain) 

1 Excessive exfoliation of epithelium means local 
inflammatory changes 

2 Abnormal increase in pus cells or their nuclear 
remains suggests inflammation. 

3 Excessive bacterial flora, especially if m col 
ony formation, suggest infection. 

a. Sarcinae and many yeast cells suggest gas- 
tric dilatation with stagnation and fer 
mentation of contents 
b Boas-Opplcr bacilli found m subacitj or 
anacid gastnc juice are associated vitb 
retention and stagnation. 

Examination of Duodenal Contents 
I. Macroscopic Examination 

A. Physical Characteristics 

1 Normally water clear, faintly cloudy , or pale 
yellow 

2 Marked opacity may be doe to admixture with 
gastnc contents or to local inflammation. 
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B. Blood, 

1 Normal duodenal contents or fresh bile may 
give a positn e benzidine test 

2 A large amount of blood may indicate an 
ulcer or carcinoma 

II. Chemical Tests 

A Trypain. 

\ Solutions 

a Phosphate buffer solution of pH 84 — see 
page 260 

b Casein solution 

1) Place exactly 1 gm of soluble casein 
in a flask. 

2) Add 100 cc. of phosphate buffer solu 
tion and dissolve the casein by quickly 
rotating the flask 

3) The solution may be carefully warmed 
to 57®G but care must be taken not 
to obtain a dough) mass 

4) When the casern is dissoli ed, neutralize 
w ith 4 cc of 0 1 N NaOH 

5) This solution must be made fresh each 
day 

c. Metaphosphortc acid solution (25 %) — 
freshly prepared 

d Solutions tor nonprotein nitrogen deter- 
mination, see page 274 
2 Method 

a. Centrifuge the duodenal contents until 
clear 

b Place 1 cc. of the clear supernatant fluid 
in a 50 cc volumetric flask and make up 
to the mark with phosphate buffer solu- 
tion 

c. Place 9 cc. of casern solution in each of 2 
large test tubes (100 x 10 mm ) labelled 
1 and 2, and heat in a water bath at 40®G 
for 5 minutes 

d To tube 1 add 1 cc. of the diluted duo- 
denal contents and mix. 
e. To tube 2 (blank) add 1 cc. of the diluted 
duodenal contents which has been heated 
in a water bath of boiling water for 10 
minutes to destroy the activity of the 
enzyme 

f Incubate both tubes for 30 minutes in a 
40®G water bath 

g Add 2 cc of freshly prepared 25% meta- 
phosphonc acid to each tube mix thor- 
oughly, and filter The filtrate should be 
clear and colorless 

h Place 1 cc of the corresponding filtrate 
and 1 cc. of digestion mixture in pyrex 
test tubes numbered 1 and 2 and continue 
as described under nonprotem nitrogen 
determination on page 272 


1 Calculation 

RS OIJ X 600 X 100 ISO _ , 

W X low = RU = & T7L *’ of “"P 

Subtract gm per cent of nitrogen in tube 
2 (blank) from tube 1 to obtain the 
activity of trypsin jn 100 cc of duodenal 
contents 

j The photoelectric colorimeter method for 
nonprotem nitrogen may be used, how 
ever, the mg of nitrogen in the sample and 
the dilution of the duodenal contents must 
be used in the calculation and the result 
reported m grams per cent. 

3 Interpretation of Trypsin Findings 

2 Normal values 7 5 — 15 gm. of nitrogen 
per 100 cc. of duodenal contents 

b Decreased in 

Same as for Amylase See page 105 

B. Amylase (Amyl opsin). 

1 Solutions 

a Phosphate buffer solution of pH 8 4 — see 
page 260 

b Starch phosphate mixture 

1) Completely dissolve 4 gm. of soluble 
starch in 100 cc. of hot distilled water 

2) Cool and dilute with 100 cc of phos- 
phate buffer solution. 

c. Solutions for Folin and Wu’s blood sugai 
method, see page 2 66 

2 Method 

a Centnfugc the duodenal contents until 
clear 

b Place I cc of the clear supernatant fluid 
in a 25 cc. volumetric flask and dilute to 
the mark with phosphate buffer solution 
c Place 9 cc of starch phosphate mixture in 
tath of 2 test tubes labeled 1 and l, ton. 
heat in a water bath at 40®G for 5 minutes 
d To tube I add 1 cc. of the diluted duo- 
denal contents and mtx 
e To tube 2 (blink) add 1 cc of the diluted 
duodenal contents which has been heated 
in a water bath of boiling water for 10 
minutes to destroy the activity of the 
enzyme 

f Incubate both tubes for 30 minutes in the 
40 ®C water bath 

g Place 2 cc. of alkaline copper tartrate 
solution (Folin and Wu’s) in each of 2 
blood sugar tubes labeled 1 and 2 and ado 
2 cc. of incubated starch solution from the 
tube with the corresponding number 
h Rotate and place the tubes in boiling w ater 
for 6 minutes 

i Cool in a cold water bath for 3 minutes 
then add 2 cc. of molybdate solution to 
each 
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j. Dilute to mark with distilled water, mix, 
and read in the colorimeter against the 

0.1 mg. standard run at the same time as 
the duodenal contents. Set standard at 20. 


k. Calculation: 

RS 0.2 X 250 X 100 50 „ , , 

50 x — ioooxl = Rtr *** of 

Subtract gm. per cent of glucose in tube 2 
(blank) from tube l to obtain the amylase 
in 100 cc. of duodenal contents. 

l. The photoelectric colorimeter method for 
blood sugar may be used, but the proper 
dilutions must be taken into account for 
the calculation and the result reported in 
grams per cent. 

3. Interpretation of Amylase Findings: 

a. Normal value for glucose liberated in 30 
minutes is 2.5 to 5 gm. per 100 cc. of 
duodenal contents 

b. Decreased in: 

1) Pancreatic insufficiency and chronic 
pancreatitis. 

2) Slight decrease in celiac disease. 

3) Absent in fibrocystic disease of the 
pancreas. 


IIL Microscopic Examination. 

A. Preparation. 

1. The specimen must be examined at once be- 
fore the ferments destroy the cellular ele- 
ments. 

2. Centrifuge contents and pour off the super- 
natant fluid. 

3. Make a wet preparation by placing a drop 
of the sediment on a slide, cover with a cover 
glass, and examine with the low and high 
power objectives. 

Make a smear of the sediment, dry, and stain 
by Gram’s method, 

B. Finding t. 

1. Wet Preparation: 

a. A few epithelial and pus cells are normally 
found, a marked increase suggests inflam- 
mation. 

b. Mucus is usually present but has no sig- 
nificance. % 

c. The following parasites may be found: 

1) Scrongyloides stereoralis, see Fig. 14, 
page 130. 

2) Giardta lamblia, see Fig. 17, page 143. 

3) Cystic and vegetative forms of Enda- 
moeba histolytica, see Fig. 17, page 143. 

4) Ova of Necator americanus, see Fig- 
34, page 130, and Clonorchis sinensis, 
see Fig. 1<5, page 138. 

2. Stained Smear — identify types of cells pres- 
ent and bacteria. 


Examination of Bile 
L Macroscopic Examination. 

A. Color. 

1. See biliary drainage, page 98. 

2. Failure to obtain “B” bile suggests that the 
gall bladder is not storing or concentrating 
bile. 

3. Dark bile may originate from a dilated com- 
mon duct when the gaff bladder is obliterated 
or has been removed, but “A” bile would also 
be dark. 

B. Report degree (-f to -f — f — J — J-) of viscosity 
and turbidity of each type of bile. 

II. Microscopic Examination. 

A. Preparation . 

1. Centrifuge each specimen separately at a high 
rate of speed and pour off the supernatant 
fluid. 

2. Make a wet preparation by placing a drop 
of sediment on a slide, cover with a cover 
glass, and examine with the low and high 
power objectives of the microscope. 

3. Make a smear of the sediment, dry, and stain 
by Gram’s method. 

B. Findings. 

1. Wet Preparation. 

a. An occasional bile stained epithelial or pus 
cell may be found; a marked increase sug- 
gests inflammation. 

b. Cholesterol appears as flat, colorless, thin 
crystals with chipped edges and usually 
means formed or forming calculi. 

c. JHinihio appears sis amber, brown, or 
black amorphous material; calcium bili- 
rubinate as clusters of lustrous bright yel- 
low, lemon or orange, fine or coarse gran- 
ules. These have same significance as 
cholesterol. 

2. Stained Smear — identify types of cells pres- 
ent and bacteria. 

HI. Bacteriological Examination. 

A. Collection, 

1. Must be collected under aseptic conditions. 

2. Excessive gagging or retching causes con- 
tamination. 

B. Examination. 

1. Centrifuge each specimen separately, make 
smears of the sediment, and stain by Gram’s 
method. 

2. Make cultures of the sediment of each speci- 
men in glucose broth, thioglycollate glucose 
broth, and on blood agar, EuM-B., and SS 
plates. 

3. Salmonella typhosa may be found in typhoid 
carriers. 
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General Considerations 
The In er is the largest organ m the body It 
has a very large factor of safety, 15 per cent of 
the total liver is capable of maintaining normal 
liver function It has many functions but there 
cr o! csih according to Sane* 

non Therefore if a test of one function reveal* 
liter damage there is probable interference with 
all the other functions However, tests which 
reveal deficiency of one function do not neces 
sardv imply that all other functions arc disturbed 
in the same degree Due to the large factor of 
safet) a negative test does not rule out hepatic 
disease The tests in this section will be grouped 
according to functions 

Liver function tests may be divided on the 
basts of their sensitivity as well as grouped ac 
cording to function When the tests arc used 
according to sensitivity the degree of liver im 
pairment may be determined Mateer has grouped 
the liver function tests on the basis of their rela 
tive sensitivity as follows 
1 t Most Sensitive Tests 
M a Ccphalin cholesterol flocculation test, 
b Sulfobromophthalein test (5 mg per kg., 
45 min ) 

J c. Intravenous hippunc acid test. 

J d Thymol turbiaity and flocculation test 
(slightly less sensitive than first 3 tests) 

2 Tests iLith Intermediate Sensitivity 

a. Oral hippunc acid test (about one half a* 
sensitive as first group) 
b Unnary urobilinogen test. 

3 Least Sensitive Tests 

a Prothrombin after vitamin K 
b Serum albumin 
c. Oral galactose tolerance test 
d Blood cholesterol and esters 
Mateer has also listed the vanous liver function 
tests which are best adapted to different types of 
hepatic problems as follows 
1 Screening Tests for Early Liver Impairment 
a Ccphalm-cholesterol flocculation test, 
b Sulfobromophthalein test (5 mg per kg., 
45 min ) 

c. Thymol turbidity and flocculation test. 


d. Scrum bilirubin 
e Intravenous hippunc acid test. 

2 Early Differentiation of Obstructive and He 
pane Jaundice 

a Quantitativ e urinary urobilinogen test, 
b Oral galactose tolerance test, 
c Oral or intravenous hippunc acid test 
d Blood prothrombin after several days of 
parenteral vitamin k, therapy 

3 Acute Hepatitis ( Initial Impairment and Prog 
ress) 

a Scrum bilirubin 

b Cephalm-cholesterol flocculation test, 
c. Thymol turbidity and flocculation test 
d Quantitative urinary urobilinogen test 
e Oral or intravenous hippunc acid test 

4 Chronic Hepatitis and Hepatic Cirrhosis 

a. Sulfobromophthalein test (5 mg per kg., 
45 mm ) 

b Cephalm cholesterol flocculation test 
c. Thymol turbidity and flocculation test 
d Oral hippunc acid test 
e Scrum albumin 
f Blood prothrombin 

5 Metastatic Carcinoma of Liver 

a. Sulfobromophthalein test (5 mg per kg-, 
45 mm ) 

b Oral hippunc a ad test 

6 Maximum Liver Impairment (unfavorable 
prognosis) 

a. Low serum albumin (below' 2 5 gm. pet 
100 cc.) 

b Low oral hippunc aad (below 15 per cent 
of normal) 

c. Low blood prothrombin (below 15 pet 
cent) 

d Verj high sulfobromophthalein retention 
(60 mm reading) 

Tests for External Secretory Function 
One of the best known functions of the hvet 
is that associated with the formation and cxcre 
tion of bile The important components of bile 
are bile pigments bile salts cholesterol lecith n, 
and phosphatase Tests for the excretory func 
Don of the liver are concerned chiefly with bile 
pigments which are a product of the metabolism 
106 
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of hemoglobin Under normal conditions eryth 
rocytes are broken down by the cells of the re 
uculo endothelial system which releases hemaan 
and globm. Hematin (porphyrin and iron) is 
further hydrohzed to a certain type of bilirubin 
designated as hemobihrubin which in the blood 
is combined with serum proteins Hemobthrubm 
does not pass through the kidney filter and does 
not appear in the unne In the liver it passes 
from the blood in the sinusoids to the Kupffer s 
cells and thence to the parenchymatous cells 
where it is changed to a different type of hih 
robin known as cholebilirubm which is excreted 
in the bile and when present in the blood is ex- 
creted by the kidneys This cholebilirubm is 
convened to urobilinogen by bacterial action in 
the intestinal tract The greater part of the uro- 
bilinogen is excreted in the feces but a portion 
of it is reabsorbed into the blood stream Most 
of the reabsorbed urobilinogen is metabolized by 
the liver, smaller amounts are either excreted in 
the bile or excreted by the kidneys as urobilino- 
gen or as urobilin 

L Icterus Index (Meulcngracht’a Method) 

A Principle The yellow color of blood serum 
is due chiefly to the presence of hemobihrubin 
or cholebilirubm The intensity of yellow 
color of the serum is compared with a stand 
ard potassium dichromate soluti m The color 
intensity is not directly proportional to the 
amount of bilirubin present Cholebilirubm 
in serum gives a deeper color than a corre- 
sponding amount of hemobihrubin There 
fore the icterus index does not always agree 
with the Van den Cergh test 
B General Considerations 

1 Test must be made on fasting blood to avoid 
milky serum 

2 The blood must be free from hemolysis. 

3 Patient should not eat any food containing 
yellow pigment (especially carrots) for 24 to 
48 hours before the test. 

C. Method Vsmg Permanent Standards 

1 Obtain 5 to 6 cc of venous blood and allow 
to clot 

2 Centrifuge and tfien place t hr serum in a test 
tube of the same bore as the standards 

3 Compare with standards 

4 If the serum contains over 20 units it should 
be diluted with 0 85% sodium chloride or 5% 
sod um citrate solution so it w ill come within 
the range below 20 units 

D Colorimetric Method 
i The serum should be diluted with 0 85% 
sodium chloride or 5% sodium citrate solution 
to approximate the color of the standard 


2 Compare in a colorimeter with standard set 
at 15 

3 Calculation 

RS 

^ X dilation = icterus un ts. 

E Photoelectric Colorimeter Method 

1 Place 9 cc of 0 1 N HC1 in a colorimeter tube 
add 1 cc of clear serum, and mix by twirling 

2 Pipette 10 cc of 0 1 N HC1 mto another tube 
for the blank 

3 Adjust the galvanometer to 100 using the 
blank and filter No 420 and then read the 
unknown 

4 Obtain the icterus units from the table of 
values 

5 If over 20 units dilute further with 0 1 N HC1 
and read Correct the value for dilution used 

6 Calibration of Standard Curve 

a Make a dilute standard solution (01%) 
by placing 10 cc of the 1% stock solution 
of potassium dichromate in a 100 cc vol 
umetric flask add 2 drops of cone, sulfuric 
acid and dilute to volume with distilled 
water 

b Pipette the dilute standard solution and 
distilled water containing 2 drops of cone 
sulfuric acid per 100 cc mto 9 colorimeter 
tubes in the following proportions 


cc of dilate 
standard solu 

cc.of a cull 
fied distilled 

Icterus 

uon 

h 3 o 

un ts 

01 

99 

1 

OJ 

97 

3 

OS 

OS 

S 

08 

92 

8 

10 

90 

10 

IS 

8 S 

1J 

2.0 

80 

20 

3.0 

7J) 

30 

00 

too 

Blank 


c Adjust the galvanometer to 100 with the 
blank using filter No 420 
d Mix the contents of each tube and read 
e Repeat using the same dilute standard solu 
non also repeat using new dilute standard 
solutions made from a new stock standard 
solution 

f Plot the average of the galvanomerer read 
mgs for each tube on semiloganthmic 
graph paper 

g List m a table of values the icterus units 
for each division on the galvanometer 
F Solution* 

X Stock Standard Solution — 1 % 

a Place 1 gm of c p petassu in dichronia'e 
in a 100 cc volumetric flask 
b Dissolve m about 70 cc of drilled .vatc** 
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add 2 drops of cone sulfunc acid and 
dilute to volume 

c Place in a glass-stoppered brown bottle. 

2 Permanent Standards 

a Pipette the stock standard solution and 
distilled water containing 2 drops of cone 
sulfuric acid per 100 cc into 20 test tubes 
in the following proportions 


Tube 

cc.of stock 
standard 
solution 

cc of sc d lied 
distilled HjO 

Icterus 
un ts* 

1 

S3 

SO 

SO 

2 

4 J 

SJ 

4J 

3 

4X1 

53 

40 

4 

JJ 

6J 

JS 

5 

30 

73 

30 

6 

2J 

7J 

2S 

7 

23 

80 

20 

S 


$4 

36 

9 

14 

8 6 

14 

10 

U 

83 

12 

11 

IX) 

90 

10 

12 

09 

91 

9 

n 

03 

9.2 

8 

14 

07 

93 

7 

IS 

0 A 

94 

6 

16 

OS 

9J 

S 

17 

04 

93 

4 

13 

0J 

97 

3 

19 

0J 

93 

2 

20 

01 

99 

1 

• One un t is equ valent to 00S mg of bdirub a 


b Fill 20 small test tubes of uniform bore (8 
mm ) two-thirds full from the above solu 
tions. 

c dose by sealing the upper end of the tubes 
in a flame or bv inserting cork stoppers 
and sealing with paraffin 
d keep in a dark place 
e New standards should be made every 6 
months 

3 Standard Solution for Colomnetnc Method 
a Place 10 cc of the stock standard solution 

in a liter volumetric flask add about 700 
cc of distilled water add 2 drops of cone, 
sulfunc acid and d lute to mark, 
b This is a 0 01% solution of potassium 
d chromate and represents 1 unit, 
c. Solution will keep 6 months in the dark. 

4 Sodium Citrate Solution — 5% 

a Dissolve 50 gm of sodium citrate, c.p^ in 
water and dilute to 1 liter 
b If tuib d allow to stand several days and 
filter 

c. Add a few cc. of chloroform as a preserva 

tive 

6 Interpretation of Scrum Icterus Index 
Findings 

t Normal Values 4-6 units 
2 Increased m 


The icterus index may increase to JJ units 
without any clinical signs of jaundice 
Latent jaundice (6-15 units) 

Infectious hepatitis 
Toxic jaundice 
Obstructive jaundice 
Hemolytic jaundice 
Pernicious anemia 
Acute yellow atrophy 

3 Decreased in 

H)pochromic microcytic anemia (2-4 units) 

II Von den Bcrgh (Tlmnnhnuwr and 
Anderson's Colorimeter Method) 

A Principle The test depends on the coupl ng 

'S of diazobenzolsulfochlonde ( Ehrlich s_diazo 
reagent) with the bilirubin of the serum and 
the production of a red color due to the for 
manon of acetophenotazobihrubin The time 
of the apptarancc and depth of this color 
indicates tne type and degree of the bilirubin 
emia If the bilirubin has passed through 
the liver (cholcbibrubm) it w ill react directly 
with the diazo reagent. This is called the 
direct reaction If die bilirubin has not passed 
through the hv er but is the result of hemolysis 
(hemobihrubm) it will react only with the 
diazo reagent after the proteins with which 
it is combined hive leen precipitated with 
alcohol Tins has been called the indirect re- 
action but should be designated total bibrubn 
as it includes both t) pcs of l ll rubm that giv 
ing the direct and the indirect reactions. 

B Ccncral Considerations 

1 The blood must be free from hemolysJi 

2 Dilute serum according to the icterus wdes 
value a dilution with a reading of about 20 
units is preferable 

C. Method 

1 Place 2 cc of clear serum in a 15 cc centn 
fuge tube and add I cc of freshly prepare 
diazo reagent. 

2 Direct Reaction (Qual tative) 

a Prompt — color change begins wnthin 30 
seconds and reaches its full development 
within 1 minute. * 

b Delayed — color change begins after 30 
seconds and requires 10 minutes to reach 
its maximum 

c Btphasic — color appears promptly but re 
quires 10 minutes to reach its maximum- 
d If no color develops there will not be 
enough bilirubin present to make it worth 
while doing an indirect reaction. 

3 Indirect Reaction (Total Bilirubin) 
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a Add 2 cc of saturated ammonium sulfate 
solution and 10 cc. of 95% alcohol to the- 
centrifuge tube used for the direct re- 
action 

b Stopper, mix by inverting, then centri- 
fuge 

c Standard 

1) Pipette 5 cc of dilute standard solu 
non into a 60 cq separatory funnel, 
add 5 cc of 20% potassium thiocya- 
nate solution and 20 cc. of ether 

2) Shake well and then drain off the lower 
layer of fluid leaving the supernatant 
ether 

3) Standardize the colorimeter immediate 
ly with the ether extract 

d Read the unknown (top alcoholic extract) 
immediately with the standard set at 20 
mm 

e. Calculation 

^ X 0J x-y- = ~ ~ mg ft of bilirubin 
D Solutions 

1 Standard Artificial 'Bilirubin 
a Stock solution 

1) Dissolve 0 1508 gm of ferric ammo 
mum alum m 50 cc of cone hydro 
chloric acid in a 100 cc. volumetric 
flask and mal e up to volume with dis 
tilled water 

2) This solution keeps indefinitely in a 
glass-stoppered brown bottle 

b Dilute standard solution 

V) iAA IS es. esswi acid 

to 10 cc of the stock solution m a 
250 cc volumetric flask and dilute to 
volume with distilled water 

2) This solution keeps about 6 months 

3) It represents 0 5 mg of bilirubin in 
100 cc of serum 

2 Diazo Reagent 

a Solution A — dissolve 5 gm of sulfanilic 
acid in 50 cc. of cone hydrochloric acid 
in a liter volumetric flask afid dilute to 
volume with distilled watfcr 
b Solution B — dissolve 0 5 gm of sodium 
ju trite in J00 cc of distilled water and 
keep in a brown bottle m the refrigerator 
c. Prepare the diazo reagent fresh immediate- 
ly before performing the test by adding 
24 2 cc. of Solution A to 0 8 cc of Solo 
tion B 

3 Saturated Solution of Ammonium Sulfate-^ 

4 100 gm to 100 cc of distilled water 
Votassium Thiocyanate Solution — 20% 

. Interpretation of Serum Van den Bergh 
Findings (See Table 18, p 110) 


1 Normal Total Bilirubin 0 2-0 8 mg per c*irt 
Bilirubin found normally in serum is produced 
by the destruction of hemoglobin in the r^tic- 
ulo-endothehal system This type of bib 
rubin gives only the indirect reaction 

2 Hyperbilirubinemia — there are three general 
types of disturbances which may act siUgty 
or in combination to produce hyperbihrubm 
emia. 

a Conditions in which bilirubin is produced 
in excess of capacity of the liver to excrete 
it (hemolytic type of jaundice) 

1) Found in congenital hemolytic jjmn 
dice, icterus neonatorum, erythro- 
blastosis fetalis, Cooley s anemia, acute 
hemolytic anemia, polycythemia, per- 
nicious aneyua, sickle cell anemia, 
malaria, paroxysmal hemoglobinuria 
hemolytic septicemia, incompatible 
blood transfusion toxic conditions 
from phenyjhydrazwe and sulfonarmde 
drugs 

2) This type alone gives only the indirect 
reaction 

b Conditions m which the rare or pro^uc 
tion of bilirubin is not increased, but be 
cause of toxic or infectious injury to the 
liver cells and finer bile passages it afeu 
mulstes in the blood stream (hepatogen 
ous jaundice) 

1) Infectious type of jaundice is found 
in infectious hepatitis, yellow fever 
and spirochetal jaundice 

2) Toxic type of jaundice is caused by 
arspYienamme, merfcuTy, drftorc&dnn 
ana carbod tetracKfonde poisoning, cx 

osure to Roentgen ray, eclamp&c 
epatitis and acute yellow atrophy °f 
the liver 

3) The early phase of this type gives only 
the indirect reaction, but as the dam 
age to the liver progresses the dif ect 
reaction appears 

c Conditions in which obstruction to rhe 
larger bile passages causes a reflux of f>di 
rubin into the blood (obstructive jaun 
dice) 

1) Obstruction of mtrahepatic bile duct 3 — 
cholelithiasis or impaction of parasite 

2) Occlusion of the hepatic ducts due to 
inflammation, tumor, or congenital 
atresia or stenosis. 

3) Occlusion of the common bile duct 
by tumor or concretion. 

4^ This type when uncomplicated gives 
only the direct reaction 
3 Hypobtltrubtnemta is found in hypochromic 
microcytic anemia. 
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Table 18. Differential Diagnosis of Jaundice 


Van den Bergh reaction 

Total serum bilirubin. . 
Fecal urobilinogen 

Adult 

Children 3 - 11 yrs 
Infants to 2 yrs 
Urinary urobilinogen 

Urinary bilirubin ^ 


Normal 

Hemolytic 

Jaundice 

Obstructive 

Jaundice 


Indirect 1 


0 2 - 0 8 mg % 

Increased J 


Increased 


30 • 2 00 mg per lOOgm 

2 mg per 100 gm 



2 • 5 mg per 100 gm 

0 2 - 3 mg per 24 hr.or 

Increased 


less than 1 0E UJn2hr 

None ^ 


None 

Present | 


Hepatogenous 

Jaundice 


Indirect 

Increased 
Decreased "CV- kVl* 

ornormAt -V*— 


Increased ~ 
or normal 
Present 


4. Renal threshold for cholebilirubin is 1.75 to 2 
mg. per cent in the scrum. 

HI. Van <Ien Bcrglt (Evelyn nnd Malloy’i 
Photoelectric Colorimeter Method). 

A. Principle: The dnzonzed sulfanilic odd is 
coupled with bilirubin in either an aqueous or 
methyl alcohol medium to produce a pmk 
compound known as azorubin or azobihrubin; 
the color being measured in the photoelectric 
colorimeter using a green filter (540). 

B. Centro! Coniiderationa. 

1. Either serum or plasma may be used 

2. Hemolysis should be avoided if possible, but 
fairly accurate results can be obtained even 
in the presence of a moderate degree of 
hemolysis. 

3. Glassware should be scrupulously clean to 
avoid bubbles. 


imeter. If bubbles are present, they must be 
dislodged by gently rapping the tube. 

7. Using tube 1 as the blank for the direct 
reaction, set the galvanometer at 100 with 
filter No. 540. 

8. Read tube 2 at the end of 1 minute (timed 
from beginning of addition of serum) and 
again at 30 minutes. 

9. Ir the galvanometer reading is below 10, add 
10 cc. of distilled water to tubes I and 2, 
repeat readings, and multiply final value 
by 2. 

10. Using tube 3 as the blank for the indirect 
reaction, set the galvanometer at 100 and 
read rube 4 at the end of 30 minutes. If the 
galvanometer reading is below 10, add 10 cc. 
of 50% methyl alcohol to each tube (3 and 
4), repeat readings, and multiply final value 
by 2. 


C Jllel/ioil. 


11. Calculation. 


1. All solutions must be added to the tubes in 
the exact order as given. 

2. Label 4 colorimeter tubes 1 to 4 and add the 
following: 

Tube 1. Direct Blank 
5 cc of distilled water 
I cc. of diazo blank solution 
Tube 2 Direct Reaction 
S cc. of distilled water 
1 cc. of diazo reagent 
Tube 3. Indirect Blank. 

J cc. of ahsolurc methyl alcohol 
1 cc. of duzo blank solution 
Tube 4. Indirect Reaction. 

S cc. of absolute methyl alcohol 
1 cc. of diazo reagent 

3. Make a 1-10 dilution of serum by diluting 
2 cc. tilth 18 cc of distilled water. 

4. Add 4 cc. of the diluted serum to each of 
the colorimeter tubes in the following order: 
1, 3, 4, and 2. 

5. Mix the contents gently but thoroughly by 
twirling the tubes. 

6. The tubes should be dear and free from 
bubbles before being inserted into the color- 


100 X L value of tube 2 

~K - m S 


of direct bilirubin. 


100 X L value of tube 4 
K 

= mg % of total (indirect) bilirubin 


L value =2 — log of the galvanometer reading 

K— 6 72 for the Evelyn instrument. 

12. A calibration curve can be determined for 

other instruments in the following manner: 

a. Make a stock standard solution by placing 
10 mg. of pure bilirubin, accurately 
weighed, in a 100 cc. volumetric fit 5 * 
and adding chloroform to volume. 

b. Make a dilute standard solution by plae* 
ing 10 cc. of the stock solution in a 
cc. volumetric flask and diluting to vol- 
ume with methyl alcohol (1 cc. = 0 01 
mg. of bilirubin). 

c. Pipette 1 cc. of the diazo reagent Into 

each of 6 colorimeter tubes. \ 

(L Add the amount of dilute standard solu^ 
tion and methyl alcohol according to thei 
following: 
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cc.of 

diazo 

Tube reagent 

1 1 

2 1 

l 1 

4 1 

5 I 

6 1 


cc.of 


mg. of 

dilute 

cc-of 

bilirubin in 

standard 

methyl 

100 cc. of 

solution 

alcohol 

sc nun 

1 

8 

25 

2 

7 

5JJ 

4 

5 

100 

6 

3 

15X> 

8 

1 

200 

0 

9 

Blank 


e. Allow 30 minutes for the colors to de- 
velop; adjust the galvanometer to 100 
with the blank and obtain the readings 
of the standards. 

f. Repeat test at least twice; also repeat 
with at least 2 new stock solutions in 
the same manner. 

g. Plot the average of the galvanometer 
readings for each tube on scnuloganthmic 
graph paper. 

h. List in a table the values (mg. per 100 
cc. of blood) for each division on the 
galvanometer. 

D. Solutions, 


1. Diazo Reagent. 

a. Solution A — dissolve 1 gm. of sutfanitic 
acid in a liter of distilled water containing 
15 cc. of cone, hydrochloric acid. 

b. Solution B — dissolve 0 5 gm. of sodium 
nitrite in 100 cc. of distilled water and 
keep in a brown bottle in the refrigerator. 
Discard if solution turns yellow. 

c. Prepare the diazo reagent immediately be- 
fore performing the test by adding 0.3 cc. 
of Solution B to 10 cc. of Solution A. 

2. Diazo Blank Solution. 

a. Place IS cc. of cone, hydrochloric acid 
in a liter volumetric flask. 

b. Make up to volume with water. 

2. Interpretation of Serum Fan den Bergh 
Findings (See Table 18). 

Normal Total Bilirubin: 0.2-0.8 mg. per cent 

1. The 3 types of reactions can be determined 
by finding the ratio of the 1 and 30 minute 
direct reaction (D) to the 30 minute total 
bilirubin (T). 
a. "Prompt Reaction. 


b. Delayed Reaction. 

=0to 25%. 


c. Biphasic Reaction. 

=2 j, o10sl _ 


50 min. D. 
30 rain. T. 


=25 to 60%. 


3. In normal blood the ratio of direct to total 
bilirubin has no significance. 

4. In obstructive jaundice the 30 minute direct 
is 60 to 100 per cent of the total (prompt 
reaction). 

5. In pure hemolytic jaundice without liver cell 
damage, the 30 minute direct is less than 25, 
per cent of the total ’(delayed reaction). 

6. In hepatogenous jaundice the 30 minute di- 
rect is 25 to 60 per cent of the total (bi- 
phasic reaction). 

7. For significance of hyper- and hypo-bilirubin- 
emia, see interpretation of Thannhauser and 
Anderson's Van den Bergh test, page 109. 


IV. JBilimbin Excretion Test 
(Von Bergman’s Method). 

A. Principle: The excretion of ingested bflira- 
bin is solely a function of the liver. By increas- 
ing the amount of bilirubin in the blood stream 
by the intravenous injection of pure bilirubin, 
the hepatic cells are taxed by this increased 
load. By studying the rate of removal of the 
added bilirubin, evidence of hepatic damage 
is demonstrated. 

B. General Considerations. 

1. The test is useless and contraindicated in any 
patient with hyperbilirubinemia. 

2. It is the most sensitive indicator of slight im- 
pairment of liver function. 

3. The sodium carbonate solution should not be 
boiled more than a few seconds to prevent 
its producing a reaction when injected. 

C. Method. 

1. Weigh out an amount of bilirubin (Eastman 

Kodak Co.) equivalent to 1 mg. per kilo- 
gram body weight. (Never use more than 
70 nig.) % 

2. Dissolve the bilirubin in 15 cc. of 0.1 molar 
solution of sodium carbonate which has been 
brought to the boiling point and cooled to 
80° C. It forms a clear iodine-colored solu- 
tion. 

3. By venipuncture, withdraw 10 cc. of blood 
(control) and place in a test tube. 

4. Through the same needle inject the bSi- 
rubin solution (cooled to body temperature) 
slowly, avoiding leakage. 
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J After 5 minutes and again after 4 hours, with- 
draw 10 cc of blood from a vein in opposite 
arm and place in test tubes. Avoid hemolysis 

6 Centrifuge the 3 blood samples, 

7 Determine the total bilirubin in each of the 
3 serums by Evelyn and Malloy’s photo- 
electric colorimeter method for the Van den 
Bcrgh test. 

8 Calculation 

a. The difference between the 4 hour sarn- 
ie and the control is the amount of 
ihrubin retamed (A) 
b The difference between the 5 minute 
sample and the control is considered 100 
per cent of the injected bilirubin (B) 
c. Then (A) divided Dy (B) gives the per 
cent of bilirubin retained 

V. Solutions. 

1 Sodium Carbonate (0 1 M NajCOj) — dis- 
solve 1 06 gm. m 100 cc. of sterile triple dis- 
tilled water 

2. Sec solutions for Van den Bergh test. 

E, Interpretation 0 / the Bilirubin Excretion 
Test. 

1 Normal Values Less than 6 per cent retention 
in 4 hours 

2 Increased m Cirrhosis, malignant tumors of 
the liver, and diffuse hepatitis 

V. Sulfobromoplillialein or Bromaulfalein 
J Test (Creen’B Modified Method). 

A. Principle • Sulfobromophthalein sodiurn 
(bromsulfalein) injected into the blood stream 
is removed by reticulp-endothelial cells of the 
hver and excreted by parenchymal cells into 
the bile within a short flmt after injection 
The degree of dye retention is measured by 
a colorimetric method 

B. General Considerations . 

1 Patient should be instructed to come to the 
laboratory m the morning without having 
taken any food since the evening before 

2 Injection of the dye produces a transient re- 
action m a few patients consisting of head- 
ache, faintness and chills However, there ate 
no senous after effects 

3 If the blood, w ithdrawn for the test, is badly 
hemolyzed and the comparator block method 
is used extract the serum with an equal vol- 
ume of acetone and centrifuge Some dye u 
lost, but alkalimzation of the clear supernatant/ 
fluid permits approximation of the amount of 
dye Hemolysis does not interfere m the 
photoelectric colorimeter method 

4 Not applicable or accurate in the presence of 
jaundice when the comparator block method 
is used The sulfobromophthalein test should 


not be used in cases of obstructive jaundice 
for two reasons (a) the rerenuon of dye is 
due to obstruction and is not a reliable test 
for impaired hver function, and (b) there 
may be danger to the patient in retention of 
a large amount of the dye 

5 Ampules containing 3 cc of a 5% sterile so- 
lution of bromsulfalein may be obtained from 
Hynson, Westcott, and Dunning (Baltimore, 
Md) 

6 The bromsulfalein may be given in a dose of 
either 5 mg or 2 mg per kilogram of body 
weight, how ever, the 5 mg dose is considered 
the more sensitive 

C. Administration of Dye. 

1. Weigh the patient and calculate the dosage 
on the basis of J mg of bromsulfalein per 
kilogram of body weight. Each 10 kilograms 
requires 1 cc. of sterile 5% dye solution. 

2 Inject the correct amount of the dye into an 
arm vein. The injection should be sufficiently 
slow to occupy 1 minute and the dye should 
not be allowed to escape outside the vent 

3 Forty-five minutes after the injection, with- 
* draw 10 cc. of blood m a dry syringe from 

a vein of the opposite arm and place the blood 
in a test tube' to clot. Blood is sometimes 
drawn 60 minutes after the injection of dye 
and the amount of dye retention is of prog 
nostic value m severe hver damage v 

4 If 2 mg of dye per kg is given, obtain blood f 
at the end of 20 minutes. 

D Estimation 0 / Dye Retention. 

I Comparator Block Method 

a. After centrifugation of the blood, pijjetre 
the dear scrum into 2 small test tubes hav 
ing the same diameter as the standard 
tubes. 

b To one tube add 1 drop of 10% NaOH 
to bnng out the color of the dye and to 
the other 1 drop of 5% HQ to clanfy 
the serum or discharge a faint redness 
if present. 

c Alter 10 minutes place the tubes w * 
comparator box and compare with a senes 
of standards. , 

d. The tube of dear acidified serum is placed 
m front of the standard and this is com- 
pared with the alkalmized serum whicn 
has a tube of distilled water placed behind 
it. 

e Compare with different standard tubes un- 
til the nearest match is obtained 
f The percentage of dye is marked on tn 
standard tube When the 5 nig t ^f c , 15 
used, the percentage is divided by 2 5 be- 
cause the standards are made on the basis 
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of giving 2 mg per kilogram of body 
weight as was given in the original method 
g Standards may be obtained from Hynson, 
Westcott, and Dunning 
2 P hotoelectnc Colorimeter Method (Gaebler) 
a- After centrifugation of the blood, place 
0 5 cc of the clear serum in each of 2 
colorimeter tubes 

b Add 2 J cc of distilled water to each tube 
and mix. 

c Add 3 cc of 01 N NaOH to 1 tube and 
mix 

d Add 3 cc of 01 N HQ to the other tube 
and mix, this tube is used as the blank 
to set the galvanometer at 100 using fil- 
ter No 565 

e Obtain the galvanometer reading for the 
tube containing the 0 1 N NaOH and cal- 
culate the amount of dye retention 
f Calculation 

1) The mg per cent of dje present in 
the serum may be obtained from the 
table of values or may be calculated 
from the following formula 

~ om " - mg % of dye 

L = 2 — log of the galvanometer reading 

2) If the 5 mg dose is used, the mg per 
cent of dye is mulupbed by 10 to ob- 
tain the per cent retention, since 10 mg 
per cent is considered 100 per cent 
retention. 

3) If the 2 mg dose is used, the mg per 
cent of dye is multiplied by 25 to ob- 
tain the per cent retention, since 4 mg 
per cent is considered 100 per cent re 
tention 

4) Values should be reported to the near- 
est full per cent of retention. 

g Calibration of standard curve 

1) The bromsulfalein free serum used to 
make the standard curve should be a 
mixture of a large number of serums 
(30 to 40) and tested for an abnormal 
amount of pigment as follows 

a) Prepare a serum tube 
0 5 cc. of serum 

2 5 cc of distilled water 

3 0 cc of 0 1 N NaOH 

b) Prepare a blank in exactly the same 
manner except use 01 N HCL in- 
stead of 0 f N NaOH 

c) Set the galvanometer at 100 using 
the blank and filter No 565 then 
read the serum tube which should 
read between 98 and 100 

d) If the serum tube reads lower than 


98, there is roo much pigment pres- 
ent and a different pooled serum 
must be tested 

2) Stock dye solution (50 mg %)— place 
1 cc of the 5% bromsulfalein dye in 
a 100 cc. volumetric flask and dilute 
to volume with distilled water 

3 ) Prepare dilute dye solutions as follows 


cc of stock 

Dilute to volume 

mg "o of 

dye solution 

with water 

bromsulfalein 

0.5 

100 cc 

OJf 

1.0 

100 cc 

0 J 

10 

50 cc. 

1.0 

2.0 

50 cc 

20 

4.0 

50 cc 

4D 


4) Add the following to a colorimeter 
tube for each of the dilute dye solu 
aons 

0 5 cc. of bromsulfalein free serum 
0 5 cc of a dilute dye solution 
2.0 cc of distilled water 
3 0 cc. of 0 1 N NaOH 

5) Prepare a blank as follows 
0 5 cc of bromsulfalein free serum. 

2 5 cc of distilled water 

3 0 cc ofOlNHCl 

6) Set the galvanometer at 100 using the 
blank and filter No 565 and then read 
the tubes containing the dilute dye so- 
lutions 

7) Repeat several times using the same 
dilute dye solutions and then repeat 
with several new stock dye solutions 

8) Average the galvanometer readings for 
each concentration of dye and plot on 
semiloganthmic graph paper 

9) Make a table of values according to 
the mg per cent of dye for each gal 
vanometer division 

E Interpretation of the Sulfobromophthalem 
Test ^ 

1 Normal Values 

a For the comparator block method 

1) No dye present at 4J minutes with the 
' 5 mg dose 

f 2) No dye present at 20 minutes with the 
2 mg dose 

b For the photoelectric colorimeter method 

1) Retention of 4 per cent or less of dye 
at 45 minutes with the 5 mg dose or 
a retention of 2 per cent at 60 minutes 

2) Retention of 2 per cent or less of dye 
at 20 minutes w ith the 2 mg dose 

2 The retention of dye indicates liver damage 
in-proportion to the degree of retention 

^Jy^the test is most valuable in liver disease with 
out jaundice 

4 When jaundice is present, the concentration 
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of dye is a measure of biliary retention rath- 
er than of hepatic insufficiency. 

5. Both obstructive and hepatogenous jaundice 
show marked retention. 

6. Vascular stasis (passive congestion of the 
liver) will cause retention of dye. 

/k. Fecal Urobilinogen ( Watson’* Method). 

A. Principle: Preformed urobilin is changed to 
urobilinogen by ferrous sulfate and sodium 
hydroxide (ferrous hydroxide). The urobilin- 
ogen combines with Ehrlich’s reagent (acid 
solution of para-dimethylaminobenzaldchyde) 
to produce a red color. This is the so-called 
aldehyde reaction and depends on the pres- 
ence of the pyrrole group. The color is com- 
pared with an artificial standard either in a 
visual colorimeter or in a photoelectric 
colorimeter. 

B. General Considcratiom. 

1. Specimen should be taken to the laboratory 
at once and kept in the refrigerator until 
tested. 

2. Results of determinations on single specimens 
are reported in milligrams of urobilinogen per 
100 grams of feces. 

3. Results of specimens collected daring 24 or 
more hours are reported in milligrams per 
24 hour excretion. 

C. Colorimetric Method. 

1. Thoroughly mix the feces either in the car- 
ton or m a mortar. 

2. Weigh out 10 gm. of the feces in a small 
evaporating dish. 

3. Grind thoroughly into a paste with a 10 to 
20 cc. portion of a 90 cc. amount of distilled 
water and transfer to a mortar. 

4. Wash the evaporating dish with portions 
of the water and transfer to the mortar. 

5. Mix thoroughly by grinding. 

6. Allow the mixture to stand for a short time, 
then decant the supernatant fine suspension 
of feces into a liter Erlenmeyer flask con- 
taining 100 cc. of freshly prepared fer- 
rous sulfate solution (20 gm. of ground 
FeSCV7H 2 0 crystals and 92 cc. ffistilled 
water). 

7. Grind the remaining material in the mortar 
repeatedly with small portions from 200 cc. 
of distilled water; pour all of these into the 
large Erlenmeyer flask until the mortar is 
finally washed clean. 

8. Add 100 cc. of 10% NaOH slowly while 
gently shaking the flask. 

9. After thorough mixing, cork the flask and 
set aside in the dark for 1 hour. 

a. If the supernatant solution is not almost 


dear at the end of the hour, the re- 
duction should be continued for another 
hour. 

b. If then the reduction is not complete, 
a measured portion of the supernatant 
fluid should be mixed with fresh ferrous 
hydroxide as described above and let 
stand another hour. 

10. If the feces appeared acholic (clay-colored), 
modify the above procedure by using only 
25 cc. of 20% ferrous sulfate solution, 100 
cc. of distilled water to grind the sample, and 
25 cc. of 10% NaOH solution. 

11. After complete reduction filter the mixture 
in the Erlenmeyer flask through filter paper 
(The remainder of the test must not be car- 
ried out in a brightly lighted room, as liyh* 
will destroy some of the urobilinogen.) 

12. Prclimmary Test. 

a. Place 2 to 3 cc. of the filtrate in a test 
tube and acidify with an equal amount 
of modified Ehrlich’s reagent. 

b. Add 4 to 6 cc. of a saturated aqueous 
solution of sodium acetate and notice the 
intensity of the developing color. 

c. If the color is very intense 1 cc. of filtrate 
should be used in the quantitative de- 
termination, if moderately intense use 2 
cc^ if pale red use 5 to 10 cc^ if faint 
15 to 25 ctx, if absent 50 cc. 

13. Dilute the amount of filtrate decided noon to 
25 cc. (if less than that amount) and place 
in a small separatory funneL 

14. Cover with approximately 50 cc. of pure 
petroleum ether which has been acidified 
with 5 cc. of glacial acetic acid. 

15. Immediately shake the mixture rigorously 
for several seconds. 

IS. Allow the petroleum ether to separate; if an 
emulsion forms, it can be broken by the ad- 
dition of further acetic add or 1 to 2 cc. of 

95% alcohoL 

17. Collect the aqueous fraction in another separ- 
atory funnel; then decant the petroleum 
ether into a clean separatory funnel 

18. The aqueous fraction is extracted twice more 
with 25 cc. portions of petroleum ether 
which is decanted as described above. 

19. Wash the combined petroleum ether ex- 
tractions once with a small amount of dis- 
tilled water. The water is discarded. 

20. Extract the urobilinogen from the petroleum 
ether by vigorously shaking for 1 minute 
with 2 cc. of Ehrlich’s reagent- _ 

21. Add 6 cc. of saturated aqueous solution ol 
sodium acetate which brings out the man* 
mum color in the aqueous solution. 

22. Shake vigorously. 
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23 


24 

25 

26 
27 


28 

29 

30 


D 

1 

2 

3 

4 

5 

6 

7 


Color due to mdole or skatol disappears as 
the hydrochloric acid forms acetic acid from 
the sodium acetate Any excess of aldehyde 
returns to the petroleum ether 
Separate off the colored solution into a 100 
cc. graduated cylinder 
Again shake the petroleum ether with the 
same amount of Ehrlich s reagent and sodium 
acetate solution 

Add the colored solution to the above 
If more than a very faint color develops, this 
procedure must be repeated until it is cer- 
tain that the extraction of urobilinogen is 
complete 

Add water to the colored solution to make 
a volume convenient in calculation and also 
to obtain a color comparable to the standard 
Mix well and compare immediately in a col- 
orimeter with the standard sec at 20 mm. 
Calculation 

RS cc ferrous hydroxide mixture 

TT f r •' "-5 A — Ti 

RU grams ol feces 


X 


cc. final solution 
cc filtrate used 


= zng per 100 gm. 


Photoelectric Colorimeter Method 
The test is performed as described for the 
colonmetnc method 

Place 10 cc of the well mixed final solution 
m a colorimeter tube 

Prepare a blank in another colorimeter tube 
consisting of 9 cc. of the sodium acetate so- 
lution and 3 cc of Ehrlichs reagent 
Set the galvanometer at 100 using the blank 
and filter No 565 

Read the unknown and obtain the mg pei 
cent of urobilinogen from the table of values 
Calculation 

„ 500 Vol final sol _ 

”« % X T6 x Voi ■ fito T . -aa- p' r ' w « ra - 
Calibration of Standard Curve 
a Make a stock standard dye solution as 
follows 


Pontacyl Carmine 2B J mg 

Pontacyl Violet 6R (ISO per cent) 95 mg 
Make up to 1 liter with 03 % acetic ac d 
(Obta n the dyes from E. I du Pont de Nemours 
Company Wilmington, Del ) 

b Make a dilute standard dye solution by 
placing 20 4 cc. of the stock solution in a 
100 cc volumetric flask and diluting to 
volume with 0 5% acetic acid 
c This dilute solution is equivalent to 0 6 
mg of urobilinogen in 100 cc 
d Pipette the following amounts of dilute 
dye solution and 0 5% acetic acid m a 
senes of colorimeter tubes 
e. Set the galvanometer ar 100 with die blank 


cc. of dilute 
dye solution 
0 84 
1-67 
334 
5.00 
637 
8 34 
10.00 
1334 
1 636 
2000 
000 


Equivalents Equivalent to 
cc-of 03% mg of dye mg per cent of 
scene acid per 100 cc. urobilinogen 


19 16 0 085 0 025 

1833 017 0-05 

1636 034 0.10 

ISM 031 0 15 

1333 038 020 

1136 085 035 

IOjOO 1 02 030 

636 136 040 

334 170 030 

0 00 2334 030 

20.00 Blank 000 


using filter No 565, then read the tubes 
containing the dye solution after they are 
thoroughly mixed by shaking 
f Repeat a sufficient number of times so 
that the average of the readings for each 
dilution will give a straight line when plot 
ted on semiloganthmic graph paper 
g Make a table of values for the mg per 
cent of urobilinogen for each galvanome 
ter division 


E Solution t 

1 Modified Ehrlich s Reagent 

a Place 0 7 gm pure para dimethylammo 
benzaldeh) de (Pfanstiehl) in a 500 cc Er 
lenmeyer flask 

b Add 150 cc cone HCI and 100 cc dis 
rilled water 

2 Purified Petroleum Ether 

a Let petroleum ether stand for several days 
over cone sulfuric acid in a large Florence 
flask Keep stoppered and shake occasion 
allv 

b Wash again with cone sulfuric acid and 
repeatedly with distilled water 

c Wash once with 10% NaOH and then 
3 times with distilled water 

d Filter through Whatman No 50 filter pa 
per which has been moistened with pe 
troleum ether 

e Distill the ether by suspending the flask 
in boiling water on an electric plate (no 
flame) 

f This ether may be used over and over 
again in the test without repeating the 
purification 

3 Saturated Sodium Acetate Solution 

a The sodium acetate (NaCiH 3 Oi+3HjO) 
must be chemically pure 

b Dissolve about 150 gm in 100 cc of 
distilled water 

4 Standard (Teruen) 

a Place 1 cc of 0 05% alcoholic solution ot 
phenolphthalem in a 100 cc volumetric 
flask 
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b Add 5 cc. of a saturated solution of sodium 
carbonate. 

c. Make up to volume with distilled water 
d This standard solution is equivalent to 0 5 
mg of urobilinogen 

F. Interpretation of Fecal Urobilinogen Find • 
mgg 

1 Norttul Values 30-200 mg per 100 gm of 
feces. 

2 Increased m hemolytic jr.mdice due to in- 
creased hcmoljsis of erythrocytes producing 
more bilirubin which results in an increased 
amount of urobilinogen formed m the in 
testine. 

3 Decreased tn obstructive jaundice when either 
no bile or a decreased amount of bile reaches 
the intestine to be changed to urobilinogen 
In complete obstruction practically none is 
found in the feces, while m partial obstruc 
con a small amount may be present 

4 Normal or decreased in hepatogenous jnm 
dice depending on whether liver cells art 
capable of secreting a normal amount of bile 

v^VH. Urine Urobilinogen (Wataon’a Method) 

A. Principle See Watson’s method for fecal 
urobilinogen 

B General Consideration t 

1 Single specimens should be tested immediately 
after being voided. 

2 Twenty four hour specimens are collected in 
a brown bottle to which has been added about 
100 cc of punfied benzrn (petroleum ether) 
and 5 gm of anhydrous sodium carbonate. 
Keep m the refrigerator during the collection 
of the specimens. 

3 Occasionally large quantities of protein m 
unne cause turbiditj after the addition of 
Ehrlich’s reagent. It can be removed by mix- 
ing equal quananes of unne and a 3% solu 
non of sulfosalicyhc acid and filtering 

C. Colorimetric Method, 

1 Shake unne to mix and pour into a liter grad 
uatc 

2 Measure volume of unne after separation of 
the petroleum ether which had been added as 
a preservative 

3 Place 50 cc of unne in a 125 cc Erlenmeyer 
flask and add 25 cc of a freshly prepared 20% 
ferrous sulfate solunon (5gm ofFeS0 4 7H a O 
dissolved in 23 cc. of distilled water) 

4 Add 25 cc of 10% NaOH with thorough 
mixing 

5 Let stand for 1 hour in the dark and then 
filter (The remainder of the test must not be 
earned out in a bnghtly lighted room, as light 
will destroy some of the urobilinogen.) 


6 Beginning with the preliminary test, continue 
as described under Watson's colorimetric 
method for fecal urobilinogen 

7 Calculation 

RS cc. ferroos hydroxide mature + nrmt 

RU 0-5 vol of unne used 

^ cc. final solution total vol of unne 
cc. filtrate used 100 


— mg in 24 hour*. 


D Photoelectric Colorimeter Method. 

1 Follow directions for the colonmetnc method 
of unne urobilinogen and then follow dutc 
aons for the photoelectric eolonmeter method 
for fecal urobilinogen. 

2 Calculation 

vol of final sol 




50 vol of filtrate u 


= mg per 100 cc 


E. Interpretation of Urine Urobilinogen Find 
ingt 

1 Normal Values 0 2-3 mg in a 24 hour speci- 
men 

2 Increased m hemolytic jaundice due to the 
inability of the liver cells to metabolize the 
increased amount of urobilinogen brought to 
ir b) the portal blood stream from the m 
testme where an increased amount is formed 

3 Increased or normal in hepatogenous jaun- 
dice depending on the ability of the damaged 
hver cells to metabolize the urobilinogen 
brought to it by the blood stream. 

4 Decreased or none m obstructiie jaundice due 
to a decreased amount formed in the intes- 
tine 

5 Increased after a coronary thrombosis. 

6 In se\ ere nephritis there may be no urobilin 
ogen present in the unne when other con 
dmons favor its appearance 


vm, Wa Ison’s Two Hoar Unne and Short 
Fecal Urobilinogen Test*. 

A Principle It is the same as for the other uro- 
bilinogen tests. The tw o hour afternoon spcci 
men of unne is used because the greitest ex 
crenon of urobilinogen occurs during that 
penod 


B General Considerations 

1 The reagents must be added in the ord« 
given those for the blank are added in the 
opposite order of those for the unknown- 

2 These methods are not as accurate as the quan 

tmtive method for urobilinogen in whieft 
the urobilinogen is extracted with the petro- 
leum ether, but the increase of the nonuro- 
bdmogen substances is roughly proportion® 
to that of urobilinogen. 
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5. The Ehrlich unit includes both the urobilin- 
ogen and nonurobilinogen substances; there- 
fore, the normals are higher in Ehrlich units 
than in mg. of urobilinogen. 

4. Patients with acute porphyria who are ex- 
creting porphobilinogen in the urine will give 
an increased value for urinary urobilinogen 
by this method. 

5. This test is not applicable to urine containing 
a large amount of albumin or bilirubin, espe- 
cially if with the latter a green Ehrlich re- 
action is encountered. It is recommended 
that the quantitative method be applied to a 
24 hour specimen in these cases. 

C. Photoelectric Colorimeter Method for 
Urine . 

1, A 2 hour urine specimen is collected in the 
afternoon. 

a. The patient is instructed to empty the 
bladder at one PJM. and to drink one glass 
of water. 

b. The bladder is again emptied at three PAL 
and this urine is used for the test 

2. Allow the specimen to come to room tem- 
perature and measure. 

J. Place 2.5 cc. of urine in a colorimeter tube, 
add 2.5 cc. of Ehrlich’s reagent, and quickly 
mix. 

4. Immediately (within 15 seconds) add 5 cc. of 
a saturated aqueous solution of sodium acetate 
and mix thoroughly. 

5. Prepare a blank by placing 2.5 cc. of urine 
and 5 cc. of the saturated sodium acetate 
solution in another colorimeter tube and 
thoroughly mix. 

6. With constant shaking of the tube, slowly 
add 2.5 cc. of Ehrlich’s reagent 

7. Set the galvanometer at 100 using this blank 
and filter No. 5<55. 

8. Read the unknown within 5 minutes of the 
time of the addition of the sodium acetate 
solution. 

9. Obtain the mg. per cent of urobilinogen from 
the table of values made for Watson’s fecal 
urobilinogen method on page 114. 

10. Calculation for 2 hour specimen : 

mg.% urobHinogen X 4 — Ehrlich units 

in sample. 

D. Photoelectric Colorimeter Method for 
Feces. 

1. Follow Watson’s method for fecal urobilin- 
ogen on page 114 as far as the preliminary test 
and continue as described above for the 2 
hour urine urobilinogen test. 

2. Calculation: 

tng.% urobilinogen X -jg- X 4 = 

Ehrlich’s units per 100 gm. of feces. 


E. Method Using Comparator Block. 



1. A wooden comparator block similar to Fig. 
13 is necessary. The openings through the 
block for color comparison should be 8.5 
cm. high and 2 cm. wide. A white piece of 
paper is placed over the openings in the back. 

2. The standards for the comparator block are 
prepared by pipetting the following amounts 
of dilute dye solution used in calibrating the 
photoelectric colorimeter (see page 115) and 
0.5% acetic add into colorimeter tubes. 


cc. of dilate 
dye tolutioa 
0.68 
US 
2.72 
408 
5.44 
6.85 
817 
10.90 
1362 
163! 


Equivalent to Equivalent to 
cc. of 03% mg. of dye mg. per cent of 
acetic add per 100 cc. urobilinogen 


1932 0 069 0.025 

1865 0IJ8 005 

1738 0377 0.10 

15.92 0.416 0.15 

1436 OJSS 030 

13 15 0699 035 

11.83 0.833 030 

910 1.111 040 

638 1389 030 

365 1667 060 


3. Add 1 drop of chloroform to each tube, stop- 
per with a cork, seal by dipping in melted 
paraffin, and label mg. per cent of urobilin- 
ogen. 

4. The test is made as described in the photo- 
electric colorimeter methods (C and D). 

5. The blank is placed in one of the front com- 
parator openings and the color standard ap- 
pearing to match the unknown is placed be- 
nind it. 

6. The unknown is placed in the remaining rear 
opening and a tube containing distilled wa- 
ter is placed in front of it. 

7. 0 the color match is not satisfactory, a strong- 
er or weaker standard fa tried until the best 
match is found. 

8. Interpolation may be made if it is evident that 
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the color intensity lies between two of the 
standards 

9 Calculate the Ehrlich s units in the same man 
ner as in the photoelectric colorimeter meth 
ods 

F Interpretation of the Ttco Hour Urine and 
Fecal Urobilinogen Findings 

1 Normal Values for Urme Up to 1 Ehrlich 
unit for the two hour specimen of urine. 
From 1 0 to 15 units should be considered 
doubtful and daily tests done 

2 Normal Values for Feces 130-250 Ehrlich 
units per 100 gm. Values from 250 to 400 
units should be regarded borderline and re 

? uire serial determinations 
or interpretation of abnormal values for 
urine urobilinogen see page 116 
4 Tor interpretation of abnormal values for fecal 
urobilinogen see page 116 
a If values less than 5 Ehrlich units per 100 
gm are obtained on 4 daily samples, it is 
believed there is complete exclusion of 
bile from the intestine 
b Values between 5 and 10 Ehrlich units per 
100 gm arc regarded borderline while 
values over 10 units are believed to rndi 
cate that some bile is gaining access to the 
intestine. 

IX. Scrum Alkaline Phosphatase 
A Principle Not fully understood However, 
it is thought to be due to cellular regenera 
non (cholangiolar epithelium) 

B Method — Sec Section on Chemistry, page 

C. Interpretation. 

1 Normal in hemolytic jaundice 
2 Gready increased in obstructive jaundice 
3 Normal or shghdy increased in hepatogenous 
jaundice 

4 Variable in cirrhosis of the liver 

/ Test for Function of Detoxification 
V/L Hippunc Acid Test (Quick’s Method) 

A. Principle When benzoic acid is taken into 
the body it is combined witEglycme by the 
liver and the resulung compouncf hippunc 
acid is excreted in the urine. In liver 
damage the output of hippunc acid is de- 
creased to a degree fairly proportional to the 
hepatic impairment. The maximum functional 
capacity is determined since more sodium 
benzoate is given than can be convened into 
hippunc acid dunng the nme allowed 
B General Considerations 
t Applicable to jaundiced and nonjaundiced 
patients 


2 Excretion of benzoic aad as hippunc aad 
increases in proportion to body weight 

3 Dehydration, nephnus, hepatorenal disease, 
or urinary tract obstruction retards the elimi 
nation of synthesized hippunc aad and re 
suits in a low output. 

4 Passive congestion of the liver in cardiac de 
compensation results in a low output 

5 In rare instances there may be a toxic re- 
action to the sodium benzoate 

C. Oral Test 

1 Patient should be instructed to take no drugs 
for 2 da) s prior to the test. 

2 One hour after a light breakfast of toast or 
cereal and coffee, tea, or milk have the pa 
tient empty the bladder completely 

3 Immediately thereafter give orally 6 gm. of 
sodium benzoate that has been dissolved in 
30 cc. of distilled water by heat and then 
cooled it may be flavored with a drop of 
oil of peppermint if desired. Follow with a 
half glass of water (If patient vomits, the 
test is of no value ) 

4 Have pauent save all unne voided dunng 
the next 4 hours and to completely emptj 
the bladder exactl) at the end of the 4 hour 
period. 

5 If the volume of the unne voided in 4 hours 
is over 150 cc., acidify with a few' drops 
of acetic acid and evaporate to about 150 
cc. (Should the analysis be delayed more 
than 10 hours, aadify, add a few cc. of tolu- 
ene to the unne and place in the refngtr 
ator ) 

6 Measure the volume accurately and add J 
gm. of ammoruum sulfate for ever) 10 cc. 
of unne 

7 When the salt has dissolved filter through 
a Buchner funnel with filter paper the sane 
size as the filter plate 

8 Add 4 cc. of cone HQ to the filtrate. Usu* 

ally this is sufficient to make the urine dis- 
tinctly blue to Congo red If not, continue 
to add cone HQ until there is a slight 
cess of aad, i e., until it turns Congo red 
paper blue . 

9 Stir vngorousl) until all the hippunc acid » 
prcapicated and allow rhe specimen to stan 
in the refngerator for 1 hour 

10 Filter through a Buchner filter with a WM 

man No 50 filter paper the same size as 
the filter plate „ 

1 1 Wash the preapitate on the filter with 
portions of cold distilled water using tn 
washing fluid first to rinse the flask in win 
the precipitation has been performed 

12 The preapitate is adequately washed wb 
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the washing fluid is free of HC3. 

13. Dissolve the precipitate by passing hot dis- 
tilled water through the filter paper into a 
clean filter flash. 

14. Titrate this filtrate while hot with 0.2 N 
NaOH (1 cc. = 0,0358 gtn. hippuric acid) 
using phenolphthalein as an indicator. 

15. Calculation : 

a. Number of cc. of NaOH X 0-0358 = gm. 
of hippuric acid. 

b. To this amount of hippuric add, add the 
quantity which remains in solution which 
is 0.1 gm. for each 100 cc. of urine after 
concentrating. 

c. To express hippuric acid in terms of ben- 
zoic acid multiply by 0.68. 

16. The washed precipitate may be dried in the 
air and weighed to the second dedma! place 
on an analytical balance instead of dissolving 
in hot water and titrating. (Subtract the 
weight of the filter paper.) 

D, Intravenous Test. 

1 and 2. Same as under oral test. 

3. Have patient drink one glass of water. 

4. Inject 20 cc. of sterile sodium benzoate so- 
lution intravenously, taking at least 5 minutes 
for the injection. (The solution contains 1.77 
gm. of sodium benzoate in 20 cc. of distjlled 
water and way be obtained from Hynson, 
Westcott, and Dunning.) 

5. Have patient completely empty the bladder 
exactly 1 hour after the injection is com- 
pleted. 

6. Determine the hippuric acid as described in 
the oral test on only the 1 hour spedmen. 

7. Do not convert the hippuric acid to benzoic 
add because the result is reported as hippuric 
acid. 

E. Interpretation of the Hippuric Acid Test. 

1. The normal excretion for the oral method 
is 3 gm. or more of benzoic acid. 

a. The normal for persons weighing less rtian 
1 10 lbs. may be as low as 2.7 gm. v 

b. There is no upper limit due to increase of 
excretion with increase in weight. 

2. The normal excretion for the intravenoas 
method is 1 gm. of hippuric add. 

a. The hippuric add is not converted to ben- 
zoic add as 1 gm. of hippuric acid makes 
a normal value that is easy to remember. 

b. The amount excreted varies with the 
weight of the patient, a small individual 
may excrete as little as 0.7 gm. which is the 
lower limit of normal. There is no upper 
limit for normal excretion. 

3. The excretion of less than 3 gm. of benzoic 
acid in the oral test and less than 1 gm. of 


hippuric add in the intravenous test in a 
person of average weight indicates impairment 
of hepatic function. 

4. Tli ere is normal excretion in obstructive jaun- 
dice without liver cell damage. 

Tests for Function of Metabolism 
L Oral Galactose Test (Carbohydrate 
Metabolism). 

A. Principle: Galactose is rapidly absorbed from 
the intestine, converted into glycogen by the 
liver, and stored there temporarily. It has s 
low renal threshold. When the liver is seri- 
ously damaged, this conversion into glycogen 
is slow or incomplete and the galactose L< 
excreted by the kidneys. 

B. General Considerations. 

1. Patient should not have any food since the 
evening before the test and should not eat 
during the test, but may have water. 

2. Applicable to jaundiced and nonjaundiced 
patients; however, it is not possible to obtain 
a correct titration for galactose in urine con- 
taining bile. 

3. Not applicable in diabetic patients that are 
excreting sugar, in patients with kidney dam- 
age, or in diseases of the small intestine. 

C. Method. 

1. Have patient empty bladder and test urine 
for sugar. 

2. Give by mouth 40 gm. of galactose in 400 cc. 
of water plus the juice of 1 lemon. 

3. Collect urine specimens at hourly intervals 
for 5 hours and test each specimen for sugar. 

4. Pool all specimens containing sugar and meas- 
ure volume. Discard all negative specimens. 

5. Determine the amount of sugar present by 
Benedict’s quantitative method (25 cc. of 
Benedict’s solution is reduced by 0.0625 gm. 
of galactose). 

D. Interpretation of the Oral Galactose Test. 

1. Normal excretion in a 5 hour period is 0 to 
3 gm. 

2. Normal findings axe obtained in obstructive 
and hemolytic jaundice and in localized Kvet 
disease. 

3. If the liver cells are acutely and diffusely 
damaged, as in a toxic or an infectious proc- 
ess, there is an increased excretion of galac- 
tose. 

4. Decreased values are obtained in dehydrated 
patients and in those with gastric or urinary 
retention. 

II. Intravenous Galactose Test (Bassett, 
AUbaoser, and Collrin’a Method). 

A. Principle: Galactose is converted to gjy 
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cogcn by the liver and stored there tem- 
porarily When the liver is damaged, this 
conversion, into glycogen is slow or incom 

f iletc and the galactose remains in the blood 
onger than normal 
B General Consideration* 

1 Patient may have a breakfast of toast and 
coffee. 

2 The test can be used in diabetic patients but 
not those resistant to insulin 
C. Method 

1 Calculate the amount of solution necessary 
to inject 1 cc of a 50% sterile aqueous solu 
tion of galactose per kilogram of body 
weight. 

2 Withdraw 5 cc of blood from a vein and 
place in a bottle containing an anticoagulant 
(control) 

3 Inject slowly the calculated amount of ga 
lactose intravenously with a 100 cc. syringe 
over a period of 4 to S minutes. 

4 Obtain 5 cc of blood at 75 minutes after 
the injection and place m a bottle containing 
an anticoagulant 

5 Add 14 cc. of a 20% yeast suspension to 2 
cc of each of the 2 samples of blood and 
mix thoroughly 
6 Let stand 5 minutes 
7 Add 4 cc of a tungstic acid solution, (pte- 
, pared fresh by mixing equal volumes of 107 
sodium tungstate and 2/3 N sulfuric acid) to 
each shake and let stand a few minutes 
8 Filter and determ ne the sugar by Folin Wu s 
original method using 2 cc portions making 
the final dilution only to 12 5 cc 
9 The following glucose standards are run at 
the same time making the final dilution only 
to 12 5 cc. 

a 0 5 cc of 0 1 mg standard plus 1 5 cc 
of distilled water 

b ! cc of 0 1 mg standard plus 1 cc of 
distilled water 

c 2 cc of 0 1 mg standard 
10 If high values are obtained dilute the tubes 
containing the 75 minute blood filtrate to 
25 cc. and correct calculation for dilution 
II Calculation for Galactose 

a. Subtract the nonfermentable reducing 
substance in the con rol blood from the 
amount in the 75 minute specimen 
b Galactose has a lower reducing power 
than glucose so the value obtained in (a) 
must be increased by 24 per cent. 

D Solution* 

1 Galactose Solution — 50% 

a The solution must be prepared fresh before 
each test. 


b Dissolve 50 gm. of chemically pure gj 
lactose (Pfanstiehl) m 100 cc. of hotstenle 
triple distilled water 

c Filter through a Buchner funnel with sue 
tion and transfer to a stcnle pyrex flask 
d Simmer for 10 to 15 minutes, do not al 
low any of the galactose to dry on the 
sides or bottom of the container 
e The final volume should be 100 cc. if less 
than that add enough stenle triple distilled 
water to make 100 cc. 
f Cool to room temperature before using 

2 Yeast Preparation 

a Suspend a w eighed amount of fresh Fleisb 
mans )east in 5 to 10 parts of distilled 
water centrifuge and decant supernatant 
fluid 

b Repeat until the fluid is clear and color 
less and gives no reduction with Benedict'! 
solution (6 to 7 washings) 
c. Suspend the yeast in 4 parts of distilled 
water 

d It will keep 2 weeks in the refrigerator 

3 Solutions for TohnWus blood sugar de- 
termination see page 2 66 

E Interpretation of the Intravenous Galac- 
tose Test 

1 Normally no galactose is found in the 75 
minute sample of blood 

2 In hepatogenous jaundice the blood value is 

over 20 mg per cent .. 

3 In obstructive jaund ce without liver cell 
damage it is present but is less than 20 mg 
per cent 

m Glucose Tolerance Test (Carbohydrate 
Metabolism) 

A. Principle The normal liver rapidly remove ** 
any excess of glucose from the blood an 
stores it as glycogen 

B Method — See Section on Cl cimstry page 

C. Interpretation 

1 In hepatogenous jaundice the fasting bloo 

sugar is lower than normal and after the in 
gestinn of glucose the damaged liver cells ar 
unable to remove it from the blood as rap “V 
as normal liver cells so the blood sugar ns 
higher than normal but returns to normal 
within 2 hours , 

2 In obstructive jaundice the curve rises higm- 
than normal and fails to return to normal 
until after 2 hours. 

IY Blood Urea (Nitrogen Metabolism) 

A. Principle Urea is formed in the liver from 
the deaminization of proteins 
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B. Method — See Section on Chemistry, page 2 78. 

C. Interpretation: In extensive damage or de- 
struction of the liver the blood urea is low. 

V. Serum Cholesterol and Cholesterol Esters 
(Lipoid Metabolism). 

A. Principle: The liver removes cholesterol 
from the blood, stores it, and also excretes 
some in the bile. It causes esterification of 
cholesterol with fatty acids. 

B. Method — See Section on Chemistry, page 288. 

C. Interpretation. 

1. Obstructive jaundice — increase in serum chol- 
esterol and its esters; ratio remains normal 

2. Degenerative hepatic disease — decrease in se- 
rum cholesterol and a greater decrease in 
esters resulting in a lowered ratio. 

3. Grrhosis — high serum cholesterol and low 
esters. 

Testa for Regulation of Composition 
of Blood 

I. Prothrombin Time. 

A. Principle: The parenchymal cells of the liver 
produce prothrombin in the presence of 
vitamin K. 

B. Method— See Section on Hematology, page 

86 . 


min is found in liver cell damage. 

2. In cirrhosis the total proteins may or may 
not be reduced but there is an inversion of 
the A/G ratio. 

3. In ascites due to cirrhosis there is a marked 
inversion of the A/G ratio, while little or 
no chance in the A/G ratio occurs in ascites 
from other causes. 

4. Hypoalbuminemia occurs in most cases of 
obstructive jaundice. 

IV. Blood Count for Anemia. 

A. Principle: The liver stores the antianemic 
principle and is concerned in its metabolism 
which results in normal erythrocyte produc- 
tion. It also stores iron. 

B. Method — See Section on Hematology, page 

C. Interpretation: 

1. Macrocytic anemia with leukopenia. 

a. In severe damage of the parenchyma of 
the liver of long standing, there may be 
an average macrocytosis of 8.8 microns or 
more. 

b. This occurs especially in cirrhosis and 
Band’s syndrome. 

2. There may be a simple iron deficiency hypo- 
chromic anemia. 


C. Interpretation. 

\ f Prolonged prothrombin time is present in ob- 

v structive jaundice. Absence of bile from the 
intestine prevents absorption of vitamin K. 

2. Also prolonged in liver cell damage. 

3. If the prothrombin time is less than 70 per 
cent after several days of parenteral vitamin 
K therapy, there is severe liver damage (if 
other possible causes of a low prothrombin 
time other than impairment of the liver are 
ruled out). 


% 
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EL Fibrinogen Content of Blood. 

A. Principle: Fibrinogen is formed in the liver. 

B. Method — See Section on Chemistry, page 275. 

C. Interpretation: Decreased in liver cell dam- 
age. 

III. Blood Proteins. 

A. Principle: Liver is the source of serum pro- 
teins. Albumin is formed with greater diffi- 
culty than globulin in spite of the fact it 
has a lower molecular weight. 

B. Method — See Section on Chemistry, page 275. 

C. Interpretation. 

L A decrease in total proteins with a low albu- 


Miscellaneous Tests % 

I. Cejpbalin-Cholestcrol Flocculation Test 

v/ (Hanger's Method}. 

A, Principle: Normal scrum does not produce 
a flocculation due to the inhibitory action of 
albumin on the gamma globulin. A positive 
flocculation may be due to one or all three of 
the following: 

1. Increase of gamma globulin so that there is an 
insufficient amount of albumin to inhibit the 
reaction. 

2. Diminution of the serum albumin below the 
level necessary to inhibit the reaction. 

3. Diminution of the flocculation inhibiting 
properties of the albumin fraction. 

B. General Contideration*. 

1. Applicable to janndiced and nonjaundiced 
cases. 

2. Test must be set up within 4 hours after 
withdrawing blood from the patient. The 
blood need not be obtained in a fasting state. 

3. Apparatus must be scrupulously dean as a 
trace of add or heavy metals will produce 
a false flocculation. 

4. Bacterial contamination of the emulsion will , 
give a false flocculation. 
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C. Method 

1 Pipette 4 cc. of 0 85% Nad solution into 
each of 3 conical centrifuge tubes prefer 
ably of the same size and shape 

2 Add to 2 of the tubes 0 2 cc of the patients 
serum the third tube serves as a control 3 

3 Add 1 cc of the diluted cephalm cholesterol 
emulsion to all 3 tubes mix by rotating 4 
between the hands 

4 Stopper with cotton and stand m a test tube 
rack in the dark 

5 Read in 24 and 48 hours 

6 The results are reported according to the 
character of the precipitate 

Neg =a mlky solution w th no vis ble floccults 
even when tube is held in front of > I ght 
+ = a fa nt precip tate evenly d spersed teen 
clearly only when tube is held u p to the 
I ght 

+ + — a heaver preepitate than + but not 
settl ng to the bottom of the tube 
+ + + = a heavy precip tate pirtially settled to the 
bottom of the tube, supernatant flu d 
cloudy 

+ + + + —2 precip tate completely settled to the bot 
tom of the tube, supernatant fluid dear 

7 The control should always be negative 

D Solutions 

1 Stock Cephalm Cholesterol Solution 

a. Weigh out 100 mg of cephahn on an ana 
ly tical balance and transfer to a bottle 
which can be stoppered so as to be airtight, 
b Weigh out 300 mg of cholesterol and 
transfer to the bottle containing the cepha 
lin (The cephalm and cholesterol already 
mixed may be obtained from the Wilson 
Laborat ;nes in Chicago or Difco Labora 
tones in Detroit.) 

c Add 8 cc of anesthesia ether stopper bot 
tie and rotate to dissolve the cepnalm and 
cholesterol 

d. This stock solution should be kept in the 
refrigerator and is good for about 6 weeks. 

2 Dilute Cephahn Cholesterol Emulsion 

a Pipette 30 cc of distilled water into a 
beaker 

b Mark the meniscus with a wax pencil and 
add 5 cc more of water 
c. Heat to 60-75 e G, remove from flame and 
add with stirring 1 cc. of the stock cepha 
lin-cholcsterol solution 
d Return to flame stirring continuously, 
simmer down until the volume is 30 cc (to 
the pencil mark made above) 
e Cool before using 
f Will keep 3 days in the refrigerator 
g Half amounts of everything can be used 
to save the stock solution. 

3 Sodium Chloride Solution — 0 85% 


E Interpretation of the Cephalln-Choleiterol 
Flocculation Test 

1 Normal — no flocculation. 

2 No flocculation in 24 hours and a I plus in 
48 hours is considered a negative reaction 
A 1 plus in 24 and 48 hours is considered l 
doubtful reaction 

The degree of flocculation represents the de- 
gree of liver cell damage 
The test is negative in obstructive jaundice 
without liver cell damage, m hemolytic jaun- 
dice, and m single or circumscribed lesions 
of the liver 

A positive test is obtained in malaria, infec 
tious hepatitis and infectious mononucleosis. 

II Thymol Turbidity and Flocculation Tell 
(Ncefc’a Modification of MucLngan’e 
Method) 

A Principle i Normal serum does not produce 
a turbidity in a buffered th) mol solution hav 
mg a pH of 7 55 Serums of patients with 
liver disease cause a turbidity and precipita 
tion upon standing It is thought that the 
phenolic group has a special afiiruc) for bett 
glohulio and bpids under the conditions pro- 

♦ vided and that the turbidity is due to the 
formation of a globulin thymol lipoid com- 
plex 

B General Considerations 

1 Inactivated serum can not be used m the test. 

2 The units are arbitrary and can not be de 
fined in specific terms 

3 There seems to be a 7 6 per cent agreement 
between the cephahn -ch ol cst c ml flocculation 
test and the thymol turbidity and flocculation 
test 

4 The blood needs to be obtained in a fasting 
state 

5 This test can be made less sensitive by using 
a buffered thymol solunon having a pH of 
7 8 This less sensitive test when compared 
with the more sensitive one (pH 7 55) c 111 
be used for prognosis in cases of severe liver 
damage 

C. Method 

1 Place 0 1 cc of serum in a test tube the same 
size as those of the artificial standards or in a 
colorimeter tube 

2 Add 6 cc of the buffered thymol solution 
and mix by rotating the tube between the 
hands 

3 Allow to stand for 30 minutes to I hour at 
room temperature and estimate the turbid ty 
by either the artificial standard method or the 
photoelectric colorimeter method described 
below 
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4 After estimating the turbidity, place the tube 
in a dark place and report the amount of 
flocculation in 18 hours in the same manner as 
for the cephalin-cholesterol flocculation test 

5 Artificial Standard Method 

a. Compare with the artificial turbidity stand- 
ards against a dark background 
b Dilute with a measured volume of buffered 
thymol solution if the turbidity exceeds 
the 100 mg per cent standard, 
c. Calculation^' 
mg % standard , , 

— X dilution = nnits.^, 

6 Photoelectric Colorimeter Method 

a Prepare a blank b> placing 6 cc. of the 
buffered thymol solution in a colorimeter 
tube and adjust the galvanometer to 100 
using filter No 660 and the 6 cc. aperture 
b Read the unknown and obtain the number 
of units from the table of values 
c Calibration of standard curve 

l) Pipette the following amounts of the 
cold stock standard banum sulfate solu- 
tion (shake \\$11 between pipetting 
each amount) and cold 0 2 N sulfunc 
acid into a senes of colonmeter tubes 


cc. of stock 
standard 

cc of 

Units of 
thvmol 
rurcidity 

solution 

02 N H-SOi 

135 

8.65 

5 

2 70 

730 

10 

405 

5 95 

15 

540 

460 

20 

675 

3.25 

25 

810 

19Q 

3Q 

94 f 

0 33 

35 


2) Use distilled water as a blank to set 
the galvanometer at 100 with filter No 
660 and using the 6 cc aperture 

3) Read each tube immediately after 
thorough shaking 

4) Repeat several times using the same 
stock solution and then repeat with 
several new stock solutions 

5) Average the galvanometer readings for 
each concentration and plot on semi- 
loganthmrc graph paper It should 
make a straight line 

6) Make a table of values according to 
the thymol units for each galvanometer 
division. 

D Solution*. 

1 Buffered Thymol Solution — pH 7 55 

a Place 1 03 gm of sodium barbital 

(NaCsHi 1 N 2 Oa) in a liter Florence flask, 
b Add 1 38 gm of barbital (Q1H12N2O3) 

and 3 gm of pure powdered th} mol 
C. Add 500 cc. of distilled water and heat 


just to die boiling point, shake well and 
cool to room temperature The solution 
should be turbid 

d Add a small amount of powdered thymol 
crystals and allow to stand overnight ar 
room temperature ( 20-25 °C.) 
e Shake well and then filter the clear solu- 
tion from the crystalline deposit, 
f Keep m a glass-stoppered bottle at room 
temperature. 

g It is necessity to test the pH of the solu- 
tion with a pH meter because different 
lots of sodium barbital produce a variation 
in the pH 

h If the pH of the solution is too alkaline, 
correct in the following manner 

1) Make a second thymol solution omit- 
ting the sodium barbital, this solution 
will be acid in reaction 

2) Add 0 1 cc portions of the second 
solution to 10 cc of the first solution 
until the correct pH is obtained, check- 
ing the pH between each addition with 
mtrazme paper 

3) Calculate amount of second solution 
needed to adjust all of first solution. 

4) Add this amount to the first solution, 
mix thoroughly, and check the pH 
with the pH meter 

l. If the solution is too acid, make a new solu- 
tion using different sodium barbital 

2 Artificial Turb idity Standards 

a They are the7onnazin standards of Kifigs- 
bury-Clark used for the Kingsbury’s test 
for albumin in urine, see page 8 
b They can be made but it is a time con 
suming procedure 

3 Stock Standard Banum Sulfate Solution 

a Place 5 cc. of a 0 096 2 N banum chlo- 
ride solution (1 % using anhydrous Ba C3 2) 
in a 100 cc. volumetric flask and dilute to 
volume with cold (I0°C.) 02 N sulfunc 
aad (1%) 

b At this temperature the particle size of 
the precipitated banum sulfate is such that 
a comparatively stable suspension results. 

E. Interpretation of the Thymol Turbidity 
and Floccuhrtum Tett. 

1 Normal Values 0-5 units of turbidity and 
either no flocculation or a 1 plus in 18 hours 

2 Increased in. 

Parenchymatous liver disease 
Infectious hepatitis 
Cirrhosis 

Weil s disease 

Metastaoc neoplasm of liver 
Diabetes (lipemic serum) 

Nephrosis (lipemic serum) 
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General Consideration 
Normal feces consists chiefly of undigested 
food remnants various products of d gestion, 
and an enormous number of bacteria most, if not 
all, of which are nonpathogemc In diseases ui 
which digestion is impaired and in those accompa 
med by diarrhea food remnants are greatly in 
creased due to passage through the intestine 
before digestion and absorption arc complete 
Man) of these food remnants can be identified 
macroscopically, such as seeds fruit or vegetable 
skins etc or microscopically such as muscle 
fibers vegetable cells fibers hair etc. The quan 
oty of the feces is influenced largely by the 
amount and character of the food and the amount 
of water present. A vegetable diet increases the 
amount. The normal quantity for an adult is 
around 200 grams a day 

Macroacopic Exnmlnnllon 
I. Color 

A* Normal — light or dark brown, due to uro- 
bilin 

B Abnormal. 

1 Yellow — due to milk diet, commeal, rhubarb 
senna santonin fats or unchanged bilirubin 

2 Green — due to spinach calomel or unchanged 
biliverdin. 

3 Clay or putty (acholic) — due to absence of 
urobilin in obstructive jaundice excess fat in 

E ancreauc disease, and barium taken for 
.oentgen ray examinations 
4 Bright red — due to bleeding low down in the 
intestinal tract or to undigested beets or to- 
matoes 

5 Dark red or chocolate brown — may be due 
to an excess of coffee, cocoa chocolate, black 
bernes or chcmcs 

6 Black or tarry — after taking iron, bismuth 
suboxide, or charcoal, or due to digested 
blood 

IL Odor 

A. Normal — due to indole skatol, and butyric 
acid. 

B Abnormal. 

I Extremely foul — indicates putrefaction due to 


undigested protein reaching the portion oi 
the bowel inhabited bv putrefactive bacteria. 
Usually associated with an alkaline reaction of 
the fcccs 

2 Putrtd — found in ulcerated and malignant 
tumors of the lower bowel and m large 
hemorrhages 

3 Sour and rancid — indicates gas formation and 
fermentation of carbohydrates which wen 
inadequately digested or absorbed or unab* 
sorbea fatty acids. Found in highly acid 
feces. 

Ill Form and Consistency 

A. Normal — soft and formed. 

B Abnormal. 

1 Soft and watery stools are found in diarrhea 
or after the use of cathartics. 

2 Excessively hard and scybalous stools are 
present in constipation. 

3 Gaseous (fermentative) stools arc usually soft 
and mushy, and bubbles of gas may be pr«- 
ent which become more evident after the 
stools stand in a warm place for 12 hours, 
a. Excessive carbohydrate fermentation pr°" 

duces this type of stool 
b A similar bulky, frothy stool when freshly 
passed is typical of sprue 

4 Flattened or nbbon like stools are found w 
spastic colitis or obstruction m the lower 
portion of the colon. 

IV Mucus 

A. Normally very small amounts are present 

B Abnormal Amount* — See Table 23 p 3 S e 
141 

! Excessive in irntauon or inflammation of the 
intestinal walL 

a When thoroughly mixed, the small mt“' 
tine is involved, and the mucus may on v 
be detected on mixture of the feces witn 
water 

b When not thoroughly mixed or only on 
the outside, the large intestine is involved- 

2 Practically pure mucus may be found in dys- 
entery, intussusception, and ileocolitis. 

3 Shreds of mucus appearing as firm irregular y 
segmented strands are found in mucous co* 
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Cos and are sometimes mistaken for pieces 
of tapeworm 

4 Mucus may form casts of the intestine as in 
mucous colitis. 

V. Blood 

A. Grosa Blood 

1 Note whether the stool is tarry, reddish, or 
bright red and if blood is evenly mixed, par- 
tially mixed, only on the outside, or mixed 
with mucus. 

a. The higher the origin of the blood in 
the gastro intestinal tract the darker and 
more thoroughly mixed it will be with 
the ieces 

b It may come from the mouth or the nose 

2 The most common causes of large amounts 
of blood m feces arc ulcers, esophageal van 
ces in cirrhosis of the bver carcinoma of the 
gastro-intestmal tract, and hemorrhoids 

B Occult Blood (minute traces) — is only de 
tectable by chemical tests 

VI Parasites 

A Artifact a. 

1 Poorly masticated celery or greens may sug 
gest round worms. 

2 Cells from oranges suggest pinworms 

3 Fibers from banana suggest tapeworms and 
ova, 

B. Parasites 

1 Tapeworms are common 

a For identification of segments see Cestodes, 
page 135 

b To examine for tapeworm heads see Ces 
todes page 135 

2 Some round worms (e g Ascans lumbncoi 
des) are large and easily seen, see Tig 14 
page 130 

3 Hookworms, pinworms whipworms, and tn- 
chmella are small 

a When a few are present, they may only be 
found after mixing the feces with water 
and running through a fine sieve or gauze 
b A hand lens mav be needed to identify 
the smallest ones. 

Chemical Examination 
L Fecal Emulsion 

With a wooden applicator take several dif- 
ferent portions of the stool and make an emulsion 
in a test tube three fourths full of distilled water 

n. Blood 

A. Patient must be on a meat free diet for 3 days 
before the test. 


B Benzidine Test. 

1 For principle and general considerations see 
benzidine test for urine on page 14 

2 Test Tube Method 

x Place a pocket knife point full of ben 
zidine base m a test tube 
b Add 3 cc. of glacial acetic acid and shake 
until the acetic acid is saturated If neces 
sary add more benzidine 
c. Allow the benzidine to settle and poor 
the clear supernatant liquid into another 
test tube (A saturated solution 4 gm of 
benzidine m 100 cc . of glacial acetic acid 
will keep 2 weeks in a brown bottle ) 
d Place a tube containing 10 cc. of fecal 
emulsion in a boiling water bath and bring 
to a boiL 

e Filter while hot through Whatman No 5 
filter paper or its equivalent. (Boiling and 
filtering eliminates false positive reactions 
due to meat and oxidase containing par- 
ticles of foods ) 

f To 2 cc. of the filtrate, add 1 cc of the 
benzidine solution 

g Add 1 cc. of fresh 3% hydrogen peroxide 
and mix 

h A green to blue color appearing within 
5 minutes indicates the presence of blood, 
i If positive report as follows 
Trace = faint green 
+ = green 
+ + — greenish bine 
+ + + = blue 
+ + + + — deep bine 

3 Filter Paper Method 

a Spread a thin layer of feces on a piece of 
filter paper 

b. Add 2 arops of the saturated glacial acetic 
acid solution of benzidine and 1 drop of 
3% hydrogen peroxide to the feces. 

c. If a green or blue color appears the test 
Is positive for blood (Control should be 
made on the filter paper alone ) 

C. GuaiacTcst 

1 Test Tube Method 

x Place a pocket knife point full of powdered 
guaiac m a test tube add 2 cc of 95% 
alcohol and mix. (A 1 25 solution of 
guaiac in alcohol will keep 8 months in 
a brown bottle ) 

b. Add 2 cc. of fresh 3% hydrogen peroxide 
and shake. 

c. To 5 cc. of fecal emulsion in another test 
tube add 1 cc. of glacial acetic acid and 
mix thoroughly 

d. Pour the guaiac solution slowly down the 
side of the tube to form a layer on top of 
the fecal emulsion. 
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e. If blood is present, a green to blue color 
wall appear at the zone of contact, 
f The intensity of color and width of the 
zone will vary with the amount of blood 
present See benzidine test for method of 
reporting results. 

2 Filter Paper Method 

a Spread a thin layer of feces on a piece of 
filter paper 

b To the feces add a drop of glacial aceac 
acid, a drop of saturated alcoholic solution 
of guaiac, and a drop of fresh 3% hydro- 
gen peroxide. 

c. A green or blue color indicates a positive 
reaction. (Control should be made on the 
filter paper alone.) 

III. Bde Pigments. 

A. Bitirubm (Modified Gmclm’s Teat). 

1 Place 5 cc. of the fecal emulsion in a test 
tube, add 5 cc. of 10% barium chloride, met, 
and let stand a few minutes before filtering 

2 Allow the filter paper to partially dry and 
then add a drop of yellow nitric acid to it 

3 A positive reaction is indicated by a play 
of colors, green on the periphery, then to 
order toward the center, blue, violet, red, and 
jellow The absence of green excludes the 
presence of bile pigment. 

4 Fouchet’s reagent may be used instead of 
nitric acid A blue to green color indicates a 
positive reaction 

5 Normally unaltered bile pigment is never 
found in the feces 

6 In diarrheal stools unaltered bile may be pres- 
ent. 

B Urobilin. 

1 Schnndt's Qualitative Test 

a Place a few grams of fresh feces in a 
mortar and add an equal quantity of 10% 
mercuric chloride solution, 
b Mix well with a pestle 
c Transfer to a shallow evaporating dish 
and allow to stand <5 to 24 hours 
d Urobilin which is normally present will 
give a red color 

e Bile which is not normally present in 
feces will give a green color 

2 Quantitative Test — see tests for fecal uro- 
bilinogen m Section on Liver Function Tests. 

3 Interpretation — See Watson’s method for fe- 
cal urobilinogen in the Section on Liver 
Function Tests, page 114 

IV. Reaction 
A. Nitrasine Paper. 

1 Place a drop of fecal emulsion on a piece of 


mtrazine paper 

2 After 1 minute compare with the color chart 
to determine the pH 

B. Alizarin Tent. 

1 Place a small drop of 1% aqueous solution of 
alizarin on each end of a glass slide. 

2. Dip an inoculating wire loop into the feces 
ana mix thoroughly in one of the drops, 
using the other drop as a color control. 

3 An alkaline reaction is indicated by a red 
dish violet color, neutral, no change, acid, t 
light yellow color. 

4 The density of the colors will depend upon 
the amount of acid or alkali present. 

C. Aormcl. Slightly acid, neutral, or slightly 
alkaline 

t Strongly acid stools vndveate an excess o( 
carbohydrate in the diet. 

2 Strongly alkaline stools indicate an excess of 
protein. 

Microscopic Examination 
Place a drop of fecal emuision on a side and 

cover with cover glass. Examine it with low and 

high power objectives of microscope Report find- 
ings in same manner as reporting unne sediments 

L Body Cells. 

A. Epithelial CcUt. 

1 A few epithelial cells from the 
wall of the alimentary canal are 
found normally 

2 Squamous cells come from the 
anal orifice. 

3 They show all stages of disin- 
tegration 

4 An excess is found in inflammation or trie 
bowel 

B. Macrophages. 

1 Macrophages are large monomi 
clear phagocytic cells with large 
vesicular nuclei. 

2 They frequently contain rem 

mints of ingested leukocytes and 
erythrocytes . 

3 They may be mistaken for endamoeba uu 

can be differentiated by lack of motility an 
by the character of the nuclei. , 

4 The) show various degrees of necrosis an 
m a^ appear as outlines of cels or gn 

5 See Table 23, page 141 for significance. 

C. Leukocytes. . 

1 Pus cells are best seen when 1 or 2 drop® 

10% acetic aad are added to a drop of * 
emulsion on a side 
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2. A few are normally present. 

3. An excess occurs in bacillary dysentery, other 
inflammatory states, and in ulcerative con- 
ditions. (See Table 23 on p. 141.) 

4. The number of pus cells roughly corresponds 
to the extent and severity of the dysentery 
except in amoebiasis. 

5. Eosinophils may be found in the mucus of the 
feces of patients with intestinal allergy. 

D. Erythrocytes. 

1. Erythrocytes do not occur normally in feces. 

2. Only found when the lesion is in the colon, 
rectum, or anus. 

3. It has been stated that they have a tendency 
to clump in amoebiasis. 

II. Crystals. 

A, Normal. 

1. Triple phosphate and calctimi oxalate crystals 
are common after ingestion of certain foods, 
such as spinach, rhubarb, and some berries. 
(Sec drawings on pages 20 3nd 21.) 

2. Lipoid. 

a. Crystals of fatty adds and soaps are com- 
mon after fatly meals. 

1) Fatty acid crystals appear 
as sheaves of large nee- 
dles or short delicate 
curved needles which 
may occur in such thick masses that 
the shape of the individual crystals can 
not be made out. When heated they 
form globules. 

2) Soaps occur as short 
plump crystals or scales. 

b. Neutral fat and mineral oil 
appear as round or irregular 
highly refractive globules. 

B. Abnormal. 

1. Char cot-Ley den Crystals, 
it. The crystals are colorless. | . 

pointed, often needle-like. 
b. They are found in ulcerative 
conditions of the intestine, 
especially amoebiasis. See Table 23 on 
page 141. 

2. Hematoidin Crystals. 

a. The crystals are yel 
brown needles or 
forms. 

b. They occur after 
hemorrhage. 

III. Remnants of Undigested Food. 

A. Unstained. 

I. Vegetable Matter. 


owish or*, 
rhombic*" 


intestinal 




a. Vegetable spirals or fibers K_ iri 
occur in spirals or tubes ‘ 

having reticulated markings and come 
from the veins of leafy vegetables. 

b. Vegetable cells have thick 
double contoured cellulose 
shells and contain chloro- 
phyll bodies. They may be 
.parasite ova. 

c. The cellulose framework of 
vegetable tissue has a honey- 
comb appearance. 

d. Vegetable hairs have a ho- 
mogeneous and highly re- 
fractive wall with a distinct central ca- 
nal which extends the whole length of 
the hair. They may resemble larvae of 
some worms. 

2. Animal Matter. 

a. Muscle fibers appear in varying sizes and 

shapes. \ 

1) The smaller pieces are ir- 
regular or oval and are 
colored yellow showing 
they have been partly di- 
gested. 

2) The large pieces have 
parallel sides and irregular surfaces and 
may show transverse and longitudinal 
stnations. These are undigested meat 
fibers. 

b. Connective tissue consists of 
colorless or yellowish threads 
with poorly defined edges 
and indefinite longitudinal 
striations. They swell and 
become gelatinous when a 
few drops of glacial acetic acid are added 

c. Elastic tissue generally accompanies con- 
nective tissue. Its outlines are more defi- 
nite, the fibers branch and do not swell 
but become more distinct in acetic acid. 






B. Stained. 

1. Starch. 

a. Add a drop of Lugol's solution to a drop 
of the fecal emulsion on a slide and look 
for starch under the low power objective. 

b. Undigested starch stains blue, pardy di- 
gested, red. 

2. Fat. 

a. To another drop of fecal emulsion on a 
slide, add a drop of saturated Sudan III or 
Scarlet R (Sudan IV) in 70% alcohol and 
look for fat under the low power objective 
of the microscope. 

b. Neutral fat appears as orange-red drop- 
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lets, occasionally yellowish flakes 

c. Fatty acid crystals occur in sheaves of 
large needles or short delicate curved nee 
dies which do not stain, but occasionally 
appear as yellowish flakes 

d. Soaps occur as short plump crystals that 
do not stain, or as j ellowish round or 
irregular opaque masses 

e. Mineral oil does not take the stain* 

IV. Bacteria 

A. Bacteria constitute about one third of the 
weight of the dned feces 

B Stained Smear 

1 Make a thin smear of die emulsion, let it dry, 
then fix it by passing through a flame and 
stain by Gram s method 

2 Normally m adults the predominating bacteria 
are gram negative as a great majority belong 
to the Escherichia (coh) group there should 
not be over S% gram positive organism s pres 
ent 

3 The gram positive organisms may be in 
creased with a high carbohjdrate diet 

4 A high percentage of gram positive organisms 
is suggestive of intestinal ulceration 

5 Large numbers of Boas Oppler bacilli may 
be present in carcinoma of the stomach. 

6 In feces of vwfawts a hv|het percentage of 
gram positive organisms is norma! due to a 
milk diet 

C. Tubercle Bacilli in Feces 

1 It is very important to pick whitish, grayish, 
or blood-stained flakes of mucus or purulent 
particles to make a smear If ulcers are pres- 
ent, swabs of the ulcers obtained by procto- 
scopic examination are used to make smears 

2 Dry the smear and fix with heat 

3 Stain for tubercle bacilli by Ziehl Neelsen 
method, decolorizing with 5% mtnc acid in 
alcohol instead of the usual acid alcohol 

4 If negative, mix the feces widi 10 volumes 
of distilled water and allow to stand for one 
hour or more 

5 The tubercle bacilli often rise to the surface 
and collect m the scum. 

6 Make a smear from this scum on a slide and 
stain for tubercle bacilli 

7 If still negative, strain a portion of the above 
fecal mixture through several layers of gauze 
to eliminate the larger particles and digest 
with an equal amount of 2% NaOH 

8 Mix and incubate at 37 e G for 30 minutes. 

9 Add 2 to 3 drops of bromthymol blue indi- 
cator and 5% HQ until die indicator turns 
greenish yellow (Approximately the same 


amount as the 2% NaOH added above.) 

10 Ccntnfuee at high speed for 30 minutes and 
pour off the supernatant fluid 

11 Make a smear trom the sediment and stain 
for tubercle bacilli 

12 By diluting the sediment with sterile 08J$c 
NaCI solution, 2 cc. may be injected sub- 
cutaneously into the groin of a guinea pig 
for a biologic test 

D. Culture of Facet — See Section on Bactenol- 
°£}»P a S c179 

V. Yeasts and Mold*- 

A. 1 eatti are common in feces, especially Blasto- 
cystis hominis. 

1 Blastocysts arc colorless, refractive, oval, or 
spherical bodies, 5 to 40 microns in diameter, 
sometimes m the process of division giving 
them an hour-glass appearance- 

2 Most of them have a large clear central bod) 
surrounded b) a narrow nm of cytoplasm 
containing a number of refractive spots or 
nuclei. 

3 Some contain round, Ie»s reftactive Trasses, 
roughl) resembling nuclei and filling the en 
tire bodj of the organism. 

4 The whole is surrounded by a delicate cap- 
sule and is often mistaken for an amoeba cyst 

5 See Fig 17, page 143 

B Molds arc rare and arc usually a contamina 
tion from unclean vessels or from the air 

1 If pathogenic molds arc present, they may 
be isolated by making a senes of streaks on 
plates of Sabourauds or Littman’s medium 
and incubating at both room temperature and 
37°G 

2 See Section on Mycology, page 204 for 
identification. 

Parasitology 

Helminths 

L Nematodes (Roundworm 9 )* 

A. Examination for Nematodes 

1 Adult Forms . 

a. Ascans lumbncoides is large and can 
seen macroscopically . 

b The other nematodes are very small, ai 
though most of them can be seen macro- 
scopically with careful examination. 

c. Scrongyloides stercoralis and Tnchin 
spiralis are so small that they can only 
detected easily with a hand lens. 

d. For description of the adult forms of J** 1 * 
ous nematodes see Table 20 and Fig ** 



FECES 


129 


Table 19 Life Cycle of the Nematodes (Roundworms) 


Ascans 

lunjbricoides 


Strongylo des 
stercoralis 


TrtchifleUa 

spirals 


Stage of develop 
ment on leaving 
host 

Development 
outside of host 


Man and dog 


No intermedi 
ate host. Larva 
develops m 
ovum within lOj 
to IS days 


Portal of entry into 
definitive host 


Habitat of 
adult worm 


Length of I fe 
nycle. (weeks) 


Blood 

Trachea 

y 

Glottis 

Esophagus 

y 

Small 

intestine 


Incomplete 

embryonated 

ovum 

No intermedi 
ate host Em 
bryo in ovum| 
develops into 
rhabditiform 
larva within 24] 
hours then 
to the filari 
form larva 


Unsegmented 
or embryonat 
ed ovum 

No intermedi 
ate host Larva] 
develops in 
ovum within 
very short 
time 


Longs 

Trachea 

y 

Glottis 

y 

Esophagus 


Small 

intestine 


Man hog 
monkey and 
lemur 


No intermedi 
ate host Larva 
develops in 
ovum within 20j 
to 40 days 


Rhabd tiform 
larva 


No intermedi 
ate host 
Rhabditiform 
larva may de 
velop directly 
into filariform 
larva or into 
free 1 v rig male 
and female 
adults which in 
turn reproduce 
rhabditiform 
larva 


Lungs 

Trachea 


Man hog and 

carnivorous 

mammals 


Interned ate 
host man bog 
and carnivor 
ous animals 


Lower deum, 
cecum and 
colon 


2 Ova and Larval Forms 

a. Mix a small portion of the feces with a 
drop of water on a glass slide and cover 
with a cover glass 

b Examine at least 3 preparations made from 
different portions of the stool under the 
low power of the microscope 
c For desenpoon of the ova or larval forms 
of various nematodes see Table 20 and 
Fig 14 

d If no ova are found, use the concentration 
method described on page 136 

B. Life Cycle of the Nematodes — See Table 19 

C. Ascaris lumbricoides (Common Round 
worm). 

1 For description of adult, ovum, and fan a see 
Table 20 and Fig 14 

2. Fertilized ova are oval or round averaging 60 
by 45 microns The ovum is covered by an 


irregular albuminous capsule usually colored 
brown by bile pigment. Within this capsule 
is a thick, smooth, double-contoured shell 
The embryo is round or oval, usually in the 
one cell stage, and is separated from the ends 
of the shell by a clear space 

3 Unfertilized ova arc long, oval, often with one 
flattened side or flattened ends, averaging 75 
by 4S microns The albuminous capsule is 
coarsely lobulated The shell is thin and the 
ovum is completely filled with vacuoles in an 
unorganized stroma. 

D. Necalor americartua (Hookworm) 

1 For description of the adult, ovum, and lan a 
see Table 20 and Fig 14 

2 Ova are broadly oval with a tendency to flat 
temng of the ends, averaging 60 by 40 mi- 
crons. The shell is smooth , thin, with a single 
contour The granular, oval embryo vanes 
from a single-cell stage to an eight-cell Stage 
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Table 21 Differential Characteristics of Gestodes (Tapeworms) 
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It is separated from the shell by a clear space. 

3 In stools two or more days old the larvae may 
be fully developed as tiny folded or coiled 
worms within the eggs or may be free in the 
feces 

E EntcroLm# cermicular/t (Pinwonn). 

1 For description of adult, ovum, and larva sec 
Table 20 and Fig 14 

2 Ova 

a Ova are oval with one side flat and the 
ends slender averaging 55 by 26 microns, 
b The shell is smooth with a double contour 
c The embr) o is separated from the shell by 
a clear space 

d The larva may be parti) or fully devcl 
oped 

3 Examination for Ova and Larvae 

a. Ova and larvae are found m the feces in 
only 5 to 10 per cent of infected persons. 
They arc usually on the outer surface of 
the stool 

b Sometimes ova or larvae may be found in 
the unne of female patients 
c The o\a and larvae are usually found in 
scrapings from the perianal region by us- 
ing either a NIH or Graham swab (for 
description of swabs see g and h) 
d Gently but firml) pass one of die swabs 
over the perianal region, preferably in the 
morning before the patient has defecared 
e The cellophane or scotch tape is removed 
and placed on a slide o% er a drop of water 
f A drop of water is then placed on top and 
this covered with a cover glass, examine 
under the low power objective of a micro- 
scope 

g The NIH suab was developed at the Na- 
tional Institute of Health 

1) Fasten a piece of cellophane 1 inch 
square over the tip of a glass rod by 
means of a rubber band 

2) The other end of the glass rod is passed 
through the hole in a rubber stopper 
which will fit a test tube 

3) The cellophane dp should not touch 
the bottom of the test tube 

h The Graham ncab consists of a piece of 
scotch tape 2 inches long placed over the 
butt end of a test tube with the sticky 
side out. 

F, TnchurU trlchlura (Whipworm) 

1 For description of adult, ovum and larva see 
Table 20 and Fig 14 

2 Ota are slender, oval, averaging 52 by 23 mi 
crons, with a round knob at each end The 
color is brown and the shell smooth, thick, 
with a double contour 


3 The embryo within the shell may fiU the en 
nre space or may be separated from the shell 
at the ends 

G Strongyloides ttercoralU 

1 The larvae arc found in the feces 

a. Their movement is vigorous and snake 
like and must be distinguished from hook 
worm Jarsae 

b For description see Table 20 and Eg 14 

2 Rhabdttifonn larva 

a. Measures 225 by 16 microns 
b The anterior end is rounded, the posterior 
pointed. 

c. The buccal cavity is short, less than half 
the diameter of the body (The length of 
the buccal cavity of the hookworm larva 
ts the wmt as iht dumetet o( the body ) 
d The genital anlage, located just posterior 
to the middle of the body, is a large oval 
cell (Anlage of hookworm larva is small 1 

3 Ftlariform larva 

a. Measures 700 by 28 microns, 
b The buccal cavity has disappeared, 
c The esophagus is one half the length of the 
larva (It is one fourth the length in the 
hookworm larva ) 

d The genital anlage is not prominent, 
e The tail is notched at the tip (Tail of 
hookworm larva is pointed ) 

II. Trichlnclla ipiralh 

1 Infection occurs from eating raw or insuffici 
ently cooked pork which contains cnc)Sted 
larvae. 

2 The larvae mature to adult forms in the small 
intestine in 2 days and reproduce in about 
6 days 

a. The new larvae migrate to striated muscle 
by way of the fymphancs and blood 
stream 

b They attain a maximum length of 0 I n® 
and assume a characteristic spiral shape, 
c. An ellipsoidal capsule of sarcolemmous 
origin is formed about the coiled wont 
m 15 to 20 dap 

d These encysted larvae may be found id 
tissue removed for biopsy from a muscle 
near its attachment to a tendon 
e. For description see Table 20 and Fig 

3 Skin Test 

a. An infected patient will give a positive 
skin test within 30 minutes after the mtra 
dermal injection of an extract of the Lr 
vae. , 

b The extract is made from larvae obtained 
by pepsin digestion of muscles of an in- 
fected animal by a method similar in pnn* 
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ciple to that for pollen extracts described 
in the Section on Allergy Extracts 
H. Cestodes (Tapcnot-ms). 

A. Examination for Cestodes. 

1 Examination of Proglottids (Segments). 

a Place 2 or 3 segments between 2 glass 
slides and press together 
b Hold up to the light or place under the 
low' power objective of a microscope and 
examine the uterus and genital openings 
c. For a description of the segments of vari- 
ous tapeworms see Table 21 and Fig 15 

2 Examination for Scolex (Head) 

a Patient should have no solid food for 24 
hours and a thorough purging with salts 
b Administer an anthelmintic by duodenal 
tube, followed in 15 minutes by a large 
dose of salts through the tube 

c. Collect the following evacuations and ex- 
amine for the head by passing the liquid 
stool through a 20 mesh wire sieve 

d Invert the contents that remain in the sieve 
in a black bottomed nan and examine for 
the head with a hana lens 
e. For identification of the scolex of the vari- 
ous tapeworms see Table 21 and Fig 15 

3 Examination for Ota 

a Mix a small pornon of the feces with a 
drop of water on a glass slide and cover 
with a cover glass 

b Examine at least 3 preparations made from 
different portions of the stool under the 
low power of the microscope 
c For a description of the ova of the various 
tapeworms see Table 21 and Fig 15 

d. If no ova are found, use the concentration 
method described on page 136 

B. Taenia saglnata (Beef Tapeworm). 

1 For description of the adult worm and ovum 
see Table 21 and Fig 15 

2 Cattle axe infected by ingesting ova which 
develop into cysticerci (encysted larvae) in 
the tissue. 

3 When raw or poorly cooked beef containing 
cysticerci is eaten by man, the larvae may de- 
velop into adult worms in the small intestine 

C. Taenia solium (Pork Tapeworm). 

1 For descnption of the adult worm and ovum 
see Table 21 and Fig 15 

2 Hogs ingest ova w hich develop into cysticerci 
(encysted larvae) in the tissues 

3 Man is infected by eating raw or poorly 
cooked pork containing cysticerci 

4 Man may also develop cysticerci in any tissue 
in the following manner 


a Ingestion of food or water contaminated 
with ova- 

b Oral transmission of ova by unclean hands 
of earners of the adult worm 
c. Auto-infecdon by the regurgitation of ova 
by reverse penstalsis into the stomach or 
duodenum where the ova hatch and pro- 
duce larvae 

d- These larvae invade the tissues and pro- 
duce cysBcerci. 

D. Diphyllobothriutn latum (Fish Tape- 
worm). 

1 For descnption of the adult worm and ovum 
see Table 21 and Fig 15 

2 The abated embryo (coracidium) is liberated 
from the shell of the ovum m water and is 
ingested by a copepod in which the elongated 
larva develops 

3 The copepod is ingested by certain fresh wa- 
ter fish in the flesh of which the larva under- 
goes further development into a plerocercoid 
larva. 

4 Man is infected by eating raw fish containing 
the larvae. 

E. Bymenolcpis nana (Dwarf Tapeworm). V'’"' 

1 For description of the adult worm and ovum 
see Table 21 and Fig 15 

2 There is no intermediate host and man be 
comes infected either directly from hand to 
mouth or indirectly by food and water con 
taminated with ova 

3 The oncosphere of die ovum is liberated in 
the small intestine and penetrates a villus 
to become a cercocysus 

4 This larva breaks out of the villus into the 
lumen of the intestine where it develops into 
an adult worm 

5 Ova may continue this cycle m the intestine 
instead of being passed into the feces 

F. Bymenolepis dimmuta (Mouse and Rat 
Tapeworm). 

1 For descnption of the adult worm and ovum 
see Table 21 and Fig 15 

2 The intermediate hosts are the larval and adult 
forms of certain insects in which the ovum 
develops into a cercocystis 

3 Man is usually infected from the ingestion of 
food containing the intermediate hosts 

G. Echinococcus granulosus (Dog Tape- 
worm). 

1 For descnption of the adult worm and ovum 
see Table 2! and Fig 15 

2 Alan ingests the ova which develop into Iar 
vae in the duodenum where they attach their 
hooklets to die mucosa. 
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3 The larvae penetrate the intestinal wall, pass ' 
into the lymphatics or mesenteric veins, and 
are earned to various parts of the body 

4 They most frequently enter the portal vein 
and lodge in the liver 

5 If the larvae are not destroyed by phagocytic 
cells, they may develop into echinococcal 
(hydatid) cysts. 

6 An echinococcal cyst consists of an inner 
germinal layer which produces buds or scoh 
ces that grow into the cavity of the cyst and 
an outer protective chitmous layer 

7 The scolices are equipped with suckers and 
a double crown of hooklets (see Fig IS) 

8 The scolices represent the fully developed 
larvae and may produce daughter, grand 
daughter, etc , cysts within the original cyst 
or produce new cysts elsewhere in the body 
if they should break through the capsule of 
the original or primary cyst. 

9 The examination of feces is of no help in 
the diagnosis of echinococcal cysts. 

10 Diagnosis is made by one of the following 
methods 

a Finding scolices or booklets either m fluid 
obtained from an echinococcal cyst, in 
sputum after the rupture of a cy st in the 
lung, or in unne after the rupture of a 
cyst in the kidney 
h Precipitin test 

1) TTie antigen is undiluted fluid from 
an echinococcal cyst 

2) Carefully overlay 0 5 cc of the pa 
tient s serum m a small test tube with 
an equal quantity of cyst fluid 

3) Incubate at 37"C. for 30 minutes 

4) A positive test consists of a white 
ring at the junction of the 2 fluid lay- 
ers 

c Skin test 

1) The antigen is fluid from an echmo 
coccal cyst which has been filtered 
through a Seitz filter and preserved 
with 0 5% phenol 

2) Inject 0 1 cc. of antigen intradermally 
in the forearm 

3) In the opposite arm inject 01 cc. 
of sterile 0 5% phenolized 085% 
NaQ solution as a control 

4) A positive reaction is a wheal forma- 
tion with edema and surrounding red 
ness within 30 minutes 

HL Tremalodea (FInkea). 

A. Adults 

1 The adult forms are rarely found except at 


' autepsy Tasciolopsis buski is occasional 
found in the fcccs or vomitus 

2 Examination of Adult Flukes 

a Place the fluke between two glass slides 
and press the slides together 
b Examine by holding slides ujp to the light 
or by the low power objective of the mi 
croscope 

c. Sections and stains may be made of the 
adult after fixing in 10% formalin 
d Tor identification sec Table 22 and Fig 15 

B Oca 

1 Fluke infestation is usually diagnosed by find 
ing the ova 

2 See Table 22 for the material to examine fot 
the ova of the various flukes Make wet prep- 
arations of the material on slides and cover 
with a cover glass 

3 The material must be examined soon after ob- 
taining it from the patient because the ova 
develop into larvae very quickly 

4 For description of the ova of various flukes 
see Table 22 and Fig 16 

5 If no ova are found, concentrate with the 
centrifugation method described below 

IV. Concentration of Ova and Cyst*. 

A. If ova or cysts are not found with an emulsion 
of feces, use one of the following concentra 
non methods 

B Centrifugation Method. 

1 Mix thoroughly about 10 gm. of feces with 
75 cc of warm water (about 40°C.) 

2 Strain into two 50 cc. centrifuge tubes 
through a sieve (40 mesh to an inch) or 1 
layer of wet gauze This removes any large 
coarse particles 

3 Centrifuge for 1 minute at low speed (This 
is sufficient length of time to throw only 

or lan ae to the bottom of the tube.) 
a. The diluted feces consists of a suspension 
of pamcles most of which are much small 
er than ova 

b These small particles are thrown down 
more slowly than the larger, heavier ova. 
c. It is important, therefore, to run the centn 
fuge just long enough to throw the ova 
to the bottom and to stop before the 
smaller particles are thrown down 

4 Pour off all the contents of the tube except 

the sediment in the bottom which should con- 
tain the ova , 

5 Refill the tube with warm water, shake well, 
and centnfuge again 

6 Repeat this several times until the supernatant 
fluid is reasonably clear 
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T able 22 Differential Characteristics of Trematodes (Flukes) 



Liver Flukes 

Intestinal Fluke 

Lung Fluke 


Fasciola bepatica 

Clonorchis Sinensis i 

Fasciolopsis buslu 

Paragommus westermam 

Adult 

Color 

Size 

Length 

Breadth 

Shape 

Brown 

2-3 cm 

0 8 i 3 cm 

Leaf like with cepha- 
lic cone 

Scales 

Equal in size 

Liver large and small 
bile ducts 

Gray 

11 5 20 1 mm 

2 8-4 6 mm 

Elongate 

Pinkish 

2 0 7 5 cm 

0 8 20 cm 

Orate 

Reddish brown 

0 8-16 cm 

0 4-0 8 cm 

Changes shape 

Integument 

Ratio of sue of ora! 
to ventral sudc-r 
Location in host 

Smooth 

Oral arger than 
ventral 

Large and small bile 
ducts 

Spines 

Oral H size of ventral 

Duodenum and je- 
junum 

Spines 

Equal m size 

Cystic cavities ip long 
tissue 

Ovum 

S ze (microns) 

Shape 

Operculum 

Exit from host 

130-150 bv 63 90 
Ellipsoidal 

Present 
! Feces 

29-26 by 27-35 

Oval 

Present 

Feces 

130-140 by 80-85 
Ellipsoidal 

Present 

Feces 

73 118 by 46-47 

Ell psoidal 

Present 

Sputum and feces 

Life cycle 

Adult and Ovum 
(only important 
definitive hosts given) 
Miracidium 

Sporocyst and redia. 
Cercana 

Encysted cercana 
Entry in definitive 
host 

1 Man sheep and cat tie 

Water 

Snail 

Water 

Water plants 

Mouth 

Man dog cat and 
hog 

Snail 

Snail 

Water 

Fish 

Mouth 

Man and hog 

Water 

Snail 

Water 

Water plants 

Mouth 

Man cat dog and hog 

Water 

Snail 

Water 

Crab and crayfish 

Mouth 


Blood Flukes 



Schistosoma 

haematobium 

Schistosoma 

mansoui 

Schistosoma 

japomeum 

Adult 

Male 





10 15 

0 6-14 

09 22 


0 09 

0 11 

0 05 

Integument 

Finely tuberculated 

Grossly tuberculated 

Minute spines and sucker and 
gynecophonc canal 

Female 




Length 

20 

12 16 




0016 

003 



Smooth 

Smooth 

Location m host 

Pelvic veins 

Mesentenc veins 

Mesenteric veins 

Ovum 






114-182 by 45 73 

74 106 by 55 80 

Shape 

Spindle (rounded anterior and 

Elongate oval (sometimes with 
S-hke curve) 

Oval to rounded 

Spine 

Terminal delicate with blunt 

Lateral long 

Lateral short sometimes 
curved (knoblike) 

Location in host 

Veins of bladder occasionally 
rectum and pelvic lymph 

Veins of colon rectum occa 
sionally bladder and mesentenc 
lymph glands 

Veins of intestine and rectum 

Es^t from host 

Unne rarely feces 

Feces rarely unne 

Feces 





Adult and ovum 

1 

Man and monkey 

Man and monkey 

Man dog cat cattle horses 
and hogs 

Miracidium 

Water 

Water 

Water 

Sporoc^sts ( 1 and 2) 

Snail 

Snail 

Snail 

Cercana 

Water 

Water 

Water 

Entry to definite host 

Skin 

Skin 

Skm 
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"asciola 

icpatica 



ClonorcKb 

sinensis 



Fasciolopsis 

Luaki 


Para^onimua 

wGstc-rraani 




Scklstosoma 

haematobium 



Schistosoma 

mansoni 



Schistosoma 

japordcum 


Ftc. 16 T»zmatooe3—Fi.vd 3 {Reproduced from Beldmg’s “Textbook of Clinical Pinskotogy," pabltshed by D. 
Appletoo-Cencory Co, New York Gty.) 


7. After pouring off the supernatant fluid for 
the last time, shake the tube and make several 
slide preparations of the sediment. 

8. Examine for ova and c)Sts, if none are found 
proceed nith the zinc sulfate flotation method. 

C. Zinc Sulfate Flotation Method (Faust). 

1. Continue with the 2 tubes used in the centrif- 
ugation method by washing the sediment of 
one tube into the other tube with 33% zinc 
sulfate solution (sp. gr. 1.18). 

2. If necessary, add more zinc sulfate solution 
to fill the tube and shake thoroughly. 

3. Centrifuge for 1 minute at 2500 revolutions 
per minute and skim off the surface film with 
a wire loop for smears. 

4. Examine unstained wet preparations for ova 
and iodine stained preparations as well as 
hematoxylin stained smears for cysts. 

Protozoa 

L Examination for Protozoa. 

A. Direct Examination for Trophozoites. 

1. Trophozoites or motile forms are usually 


found in liquid or mushy stools. 

a. If a purge is given, the second evacuation 
is the best one to examine. 

b. At least 3 stools should he examined before 
a negative report is made. 

2. The specimen must be kept warm (body tem- 
perature) and examined within 30 minutes af- 
ter evacuation because the trophozoites die 
rapidly and disintegrate upon exposure to air. 

3. Keep specimen in the 37 °C. incubator until 
examined. 

4. Warm the stage of a microscope bv placing 

a substage lamp underneath the diaphragm 
and enclosing the lower portion of the micro- 
scope with a towel. .. 

5. Particles of the bloody purulenr mucus, u 
present, or portions from different parts o 
the specimen are mixed in a drop of warm 
0.85% NaCl solution placed on each end o 
a warm slide. 

6. Cover with a cover glass and examine care- 
fully with a high dry objective of the micro- 
scope, reducing the fight until hyaline ob- 
jects are clearly seen. 
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7 Examine at least 3 such slides 

8 Examine iodine stained preparations of all 
specimens for cysts 

B Direct Examination for Cysts. 

1 The cyst stage is usually found in formed 
and mushy stools which may be examined 
any time up to 24 hours after the specimen 
is passed 

a Trophozoites form cysts only in the in- 
testine 

b Precysts may be found which resemble 
trophozoites, except they are round like 
cysts and are not motile 

2 Take a small portion of the specimen and 
mix with a drop of D Antoni’s iodine solution 
on a glass slide 

3 Place a cover glass over the drop and examine 
after 5 minutes 

4 The cytoplasm of the cjst stains yellow, gly- 
cogen a dark red or brown, chromatin almost 
black The nuclei are sharply differentiated 

5 Examine 3 ot 4 preparations 

6 D' Antoni’s Iodine Solution 

a. Standardized solution of 10% K1 

1) Place 100 gm of potassium iodide in 
a liter volumetric flask, add enough dis- 
tilled water to dissolve, and dilute to 
volume 

2) Weigh a 2S cc volumetric flask to 4 
decimals and then fill to volume with 
the Kl solution and weigh. 

3) Return the KI solution to the original 
flask 

4) Subtract the weight of the flask from 
the weight of the flask plus the solu- 
tion to obtain the actual weight of 
the solution which theoretically should 
be 26 9250 gm 

5) Calculate the amount of KI to add to 
the liter of solution to make it an ac- 
curate 10% solution 

6) Calculation 

f ttWiO -(«<*»■ "“Shi ] 

X L 2692*0 J 

x= actual percentage of solution 

— loo =gm of KI to be added to the liter 
x of solution 

7) Add the KI to the solution and mix 
until dissolved 

8) Again weigh and calculate the actual 
percentage of the solution which 
should be between 9 9990 and 
10 0000% 

9) Solution keeps well in a tightly stop- 
pered brown bottle 

b D' AntonPs solution 

I) Place 10 cc of the standardized 10% 


KI solution in a 100 cc. volumetric 
flask, add 1 5 gm of powdered iodine 
crystals, and make up to volume with 
distilled water 

2) Keep in a aghtly stoppered brown 
bottle and let stand 4 aays before us- 
ing 

3) For staining, filter about 10 cc into a 
aghtly stoppered brown bottle 

4) 1015 filtered solution should not be 
used more than 4 weeks 

C. Concentration of Cystg — See method on page 
136 

D. Stains for Protozoa. 

1 Method A 

a. Wake a thin smear of the feces on a slide 
b While the smear is still moist, fix m hot 
(50 to 60° G) Schaudmn's solution plus 
10% acetic acid for 10 mmutes. (For 
flagellates use 20% aceac acid ) 
c. Alcohol (95%) plus iodine (port wine 
color) for 5 minutes. 

d Alcohol (70%) for 5 minutes (may be 
left m this alcohol an indefinite length 
of time) 

e Rinse in running tap water 1-3 minutes 
f Feme alum (4% aqueous soluoon) for 14 
minutes 

f Rinse in tap water for 1-2 minutes 

Stain for 10 minutes in 0 5% aqueous solu 
non of hematoxylin made from the stock 
solution, 

l Decolorize in 0 25% aqueous soluoon of 
feme alum for 12 minutes (flagellates 8-10 
mmutes) 

j Wash in running tap water for 3 to 30 
mmutes 

k. Dehydrate for 1 minute m each of the fol 
lowing 50, 70, 85, 95, and 100% alcohol 
1 Clear in 2 changes of xylol for 2 minutes 
each and mount m clante 
m At no stage should the smears be allowed 
to dry but should drain between solutions 
n Solutions 


1) Schaudmn's solution 

HgCJ- (Sat aq sol ) 2 parts 

Alcohol (95%) 1 pm 

2) Stock hematoxylin solution (10%) 

Hematoxylin 10 gm. 

Alcohol (absolute) 100 cc. 


Allow to npen for several weeks before using 

2 Method ti 

a. Make a thin smear of the feces on a slide 
and while soli moist fix in the tannic acid 
mixture for 5-7 mmutes or indefinitely 
b Wash in tap water 3 or 4 times 
c. Place in feme alum (4% aqueous sola 
non) for 3 minute or longer (If sola 
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don is wanned to 45 or 50°G leave slides 
in 1-3 minutes.) 

d. Wash well 3 or 4 times in tap water. 

e. Stain for 3*5 minutes in 0.5% aqueous he- 
matoxylin solution made from a stock so- 
lution (see Method A). 

f. Wash in tap water. 

g. Decolorize 30 seconds to 1 minute or 
longer in a 3% solution of picric acid in 
70% alcohol. 

h. Dehydrate for 1 minute in each of the 
following: 50, 70, 85, 95 and 100% alco- 
hol. (A 70% alcohol with a few crystals 
of potassium acetate may be used for 
over decolorized smears; makes stain more 
bluish ) 

L Gear for 2-3 minutes in carbol-xylol (1 
part phenol to 3 parts xylol) or in benzene 
and mount in clarite. 

j. At no stage should the smears be allowed 
to dry but should dram betw een solutions. 

k. Tannic acid fixative 


Tannic acid, c.p . 4gm. 

Ethyl alcohol (70%) . 90 cc. 

Glacial acetic acid J cc. 

Phenol crystals melted 1 cc. 


E. Culture* for Protozoa. 

1. Cleveland and Collier’s Medium. 

a. Prepare Difco’s endamoeba medium ac- 
cording to directions. 

1) Place 4 cc. in narrow test tubes. 

2) Autoclave 20 minutes at 15 lbs pres- 
sure and slant 

b. Add about 2 cc. of a 1 to 6 dilution of 
human serum in sterile 0 85% NaG solu- 
tion to each tube of medium and a tiny 
speck of stenle rice starch. 

c. Using a stenle wooden applicator, inocu- 
late the serum-saline portion of the medi- 
um with a small portion of the feces and 
mix thoroughly. 

d. After 24 and 48 hours incubation at 37°G, 
examine for protozoa in the following 
manner 

1) With a capillary pipette remove a small 
amount or sediment from the bottom 
of the fluid in the culture tube. 

2) Place a drop on each end of a warm 
glass slide, cover with a cover glass, 
and examine as described under direct 
examination for trophozoites. 

3) It is often difficult to differentiate EL 
coli from E. histolytica because E. coli 
trophozoites become more active in 
cultures. 

2. Boeck and Drbohbv's Medium. 

a. Preparation of medium 

1) Wash 4 eggs with tap water, brush 
with alcohol, and carefully break into 


a sterile flask containing glass beads, 

2) Add 50 cc. of Locke’s solution which 
has been filtered and autoclaved at 
121 ®G for 15 minutes. (See p. 258 for 
preparation of Locke’s solution.) 

3) Shake until the eggs are thoroughly 
broken up and place 4 cc. in narrow 
test tubes. 

4) Slant the tubes in an inspissator and 
autoclave in the same manner as Saenz’s 
medium (see p. 179). 

b. Add enough of a 1 to 9 dilution of serum 
in sterile Locke’s solution to cover the 
medium. 

c. Scoop up several large loopfuls of sterile 
rice starch and add to the medium. 

d. Using a sterile wooden applicator, inocu 
late the fluid portion of tne medium with 
a small portion of the feces and mix thor- 
oughly. 

e. Examine for protozoa after 24 and 48 
hours incubation at 37°G as described 
under Geveland and Collier’s medium. 

IL End amoebae. 

A. Trophozoite Stage In AmoehiasU. 

1. The disease consists chiefly of ulceration of 
varying extent in the colon; the trophozoites 
are present and reproduce by direct division 
in and on the ulcerated areas. 

2. More or less blood and mucus containing the 

amoebae are being discharged constantly from 
the ulcers. _ # 

3. During the period of acute active disease thwe 
may be many stools daily, consisting chiefly 
of mucus and blood. In the chronic stage 
the stools may be formed and then it is best to 
examine the second and third specimens aftei 
a saline cathartic. 

4. Examine specimens as described above for 

trophozoites. _ 

5. Endamoeba histolytica appears as a large cell, 
20 to 35 microns in diameter, surrounded by 
a clear ectoplasm and containingcoarsc gran- 
ules and sometimes blood cells in the endo- 
plasm. 

6. Active amoebae constantly change shape by 
thrusting out pseudopodia. 

7. For differentiation of the most common 
amoebae see Table 25 and Figure 17. 

8. The amoebae must be differentiated from 
the following: 

a. Mononudear phagocytic cells which some- 
times contain erythrocytes. These phago- 
cytic cells are not actively motile. 

b. Epithelial cells. . 

9. Table 23 gives the differential types of 
found in dysenteries and ulcerative colitis- 
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Table 23 Types of Stools in Dysenteries and Ulcerative Colitis 



Amoeb as s ■ 

Bacillary Dysentery 

Ulcerative Cot t s 

Mucus 

+++ j 


++++ 

Erythrocytes 


++++ 


Polymorphon ucl ears 

+ ( many pyknotic) 


-H-++ 

Large mononuclear cells 

+ ] 

+++ (may contain 
erythrocytes) 

0 

++ 

Charcot Leyden crystals 

+ 

0 


B Cystic Stage m Carriers 

t When the trophozoites are extruded into the 
lumen of the bowel if the stool is formed or 
conditions are otherwise unfavorable for their 
continued existence in trophozoite form, they 
cease to ingest food, become spherical and 
enter a precystic stage They then secret a 
cyst wall and slowly mature by nuclear di 
vision 

2 For differentiation of the various cysts see 
Table 25 and Fig 17 

3 Cysts must nor be confused with Blastocysns 
hominis which sometimes resembles cysts (see 
P 128 and Tig 17) 

III ringellatea 

A. Examination — Use same methods as for other 
Protozoa 

B Glardia lambha 

1 Trophozoite Form 

a. Pear shaped disc with concavity (suck 
ing disc) on one side of blunt end for 
attachment to epithelial cells, 
b The movement is darting with much lash 
ing of the flagella but Sic organism does 
not progress very far 

c For further description see Table 24 and 
Fig 17 

d The trophozoites are rarely found in the 
stools, unless they are very liquid and still 
warm they are occasionally found in as 
pirated duodenal contents 

2 Cyst Form, 

a The shrinking of the contents from the 
wall is a diagnostic feature 
b The nuclei are in the anterior end 
c For further description see Table 24 and 
Fig 17 

C. Chilomastix mesrtiU 

1 Trophozoite Form 

a Pear-shaped rounded anteriorly, and 
pointed posteriorly 

b Three flagella are attached to the anterior 
end and a fourth lies along the floor of the 
large mouth like cavity or cytostome 
c The trophozoite moves forward in a slow 
steady manner occasionally turning on its 
axis 


d The large oval nucleus is near die antenor 
end. 

e A spiral groove runs obliquely across the 
ventral surface, this is characteristic of 
Chilomastix 

f For further description see Table 24 and 
Fig 17 

2 Cyst Form 

a Cyst wall is thickened at the narrow an 
tenor end 

b For further descnption see Table 24 and 
Fig 17 

D Trichomonas ho minis 

1 Trophozoite Form. 

a. Pear-shaped rounded antenorly, and 
pointed postenorly, with a central axo- 
style which projects beyond the postenor 
end 

b The undulating membrane on one side 
terminates in a flagellum postenorly 
c. When in motion this membrane undulates 
and resembles a moving cog wheel 
d For further descnption see Table 24 and 
Fig 17 

2 No cysts are known. 

E Trichomonas vaginalis 

1 Trophozoite Form 

a. Similar to T hominis but larger 
b The undulating membrane extends only 
one half the length of the body where its 
marginal flagellum terminates, 
c There is no free postenor flagellum only 
the protruding axostyle. 
d For further descnption see Table 24 and 

Fig I? 

2 No cysts are known. 

F Enteromonas hominis 

t Trophozoite Form 

a There are 3 antenor flagella and one pos- 
tenor which adheres to the flattened side 
of the body for some distance and then 
projects free postenorly or laterally 
b For farther descnption see Table 24 and 
Fig 17 

2 Cyst Form 

a. Usually seen in the 2 nuclei stage 
b For descnption see Table 24 







Table 24 Diffexenttal Characteristics or Flagellatfs 
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Table 25. Differential Characteristics of Amoeba 
Vegetative or Trophozoite. Stage (Unstained) 
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G. Embadomontu intcsunalU. 

1. Trophozoite Form. 

a The two anterior flagella arise from 
blepharoplasts on the nuclear membrane of 
the smgle nucleus which is near the blunt 
end of the parasite 

b. For further description see Table 24 and 
Fig 17. 

2 Cyst Form 

a. There is a single nucleus and a shadowy 
outline of the cytostome 

b For description see Table 24 

IV. Cihmtea. 

A. Balantidium coll. 

t. Trophozoite Form 

a. Size — SO to 70 microns in length and 40 
to 50 microns m breadth 

b Ovoid shaped, narrower at anterior end 
where there is an invaginated cytostome or 
mouth, at the posterior end is an indistinct 
excretory opening or cytopyge 

c. The surface is covered by longitudinal 
rows of hair-like aha, by means of which 
it moves forward with a rapid spiral move 
ment 


d The cytoplasm has a faint yellow or green- 
ish color and contains many vacuoles 
e The macronuclcus is large and kidney- 
shaped, located near the center of the or- 
ganism The small nucronucleus lies close 
to the concavity of the macronuclcus. 

2 Cyst Form. 

a. Size — 45 to 65 microns m diameter, 
b A thick double cyst wall encloses the rest- 
ing organism similar to that of the motile 
form 

c. See Fig 17. 

3 Life Cycle. 

a. Definitive host, hog, incidental host, man. 
b Habitat of the adult balantidium is the mu 
cosa of the large intestine 

1) The organism reproduces by transverse 
binary fission. 

2) The micronucleus divides first, then the 
macronuclcus, followed by division of 
the body. 

c Cysts are formed and are excreted in the 
feces. 

d The cysts are ingested by a new host, 

B. There are no other important pathogenic till 
ates. 



Sputum 


Sputum is the material coughed up from the 
bronchi and trachea and should not be contam- 
inated with saliva or nasal secretions. 

Macroscopic Examination 
I. Collection of Sputum. 

A Colled an early morning specimen or the 
entire 24 hour specimen 
H Instructions to Patient. 

1 The mouth should be nnsed well to avoid 
contamination with food particles 
i The sputum must be coughed up from the 
lungs or bronchi and placed m a clean, wide 
mouthed bottle (preferably sterile) with a 
screw top 

3 Particular caution must be taken to avoid 
smearing any of the sputum on the outside 
of the bottle 

II. Amount. 

A. formal — none or too small to estimate 

B, Abnormal. 

1 Over 100 cc in 24 hours may occur in pul- 
monary edema, lung abscess bronchiectasis, 
advanced pulmonary tuberculosis, broncho- 
momhasis, and pulmonary hemorrhage 

2 Over 500 cc. of an anchovy colored sputum 
m 24 hours suggests an amoebic abscess of the 
lungs or rupture of an amoebic abscess of the 
liver into the lungs 

3 Small amounts of sputum are obtained in dif- 
fuse bronchitis, earl) pulmonary tuberculosis, 
and some cases of lobar pneumonia 

4 An increase m quantity usually indicates pro- 
gression of the disease, whde a decrease may 
indicate healing A sudden decrease may be 
due to plugging of the air passages. 

III. Odor. 

A. Normal sputum has no odor 
B Abnormal 

1 Sweetish in pulmonary tuberculosis with cav- 
ities, bronchiectasis, and broncho-momhasis 

2 Putrid in gangrene of the lung, bronchiectasis 
and lung abscess. 


3 Cheesy in necrosis of malignant tumors and 
perforating empjemas. 

4 Any sputum maj become very foul after 
standing 12 hours or more. 

IV. Appearance. 

A. Color. 

1 Gray — due to pus, epithelial cells, etc. 

2 Yellow — due to pus. 

3 Green— due to bile pigment, a Ps aeruginosa 
(B pyocyaneus) infection, or rupture of a 
liver abscess into the lung 

4 Red — due to fresh blood from a hemorrhage. 

5 Rusty or brown — due to old blood as in pneu 
monia, pulmonary gangrene, rupture of an 
amoebic abscess of the liver into the lung 
or pigmented cells in chronic passive con 
gesaon 

6 Black — due to inhalation of dirt, coal dust, oi 
to the decomposition of anthraconc tissue. 

B Consistency. 

1 Serous — colorless or yellow, generally frothy 
Found in pulmonary edema 

2 Mucoid — glassy, transparent, and tenacious. 
Found in acute bronchitis, asthma, lobar pnen 
monia, and whooping cough 

3 Purulent — pus. Found m ruptured empyema, 
abscess and some cases of bronchiectasis. 

4 Mucopurulent — mucus and pus. Found in 
lung cavitation and in broncho-momhasis. 

5 Tenacious — thick and viscous due to mucus. 
Found m lobar pneumonia and in broncho- 
moniliasis 

6 Bloody 

a. Sputum may be streaked with blood, con 
tain pure blood, or have a rusty or P™nc 
juice appearance (see color under A 
above) 

b Hemoptysis (blood from the lungs) ts 
TngKt rc3 and frothy, while hematemesu 
(blood from stomach) is dark brown 
c. Blood is found in sputum m mitral stenosis, 
pulmonary infarction, carcinoma of me 
lungs, pulmonary tuberculosis, broncfli 
ectasis, and acute broncho moniliasis, 
d “Prune-] mce’ sputum is found in p nCU 
monia. 
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7 Layer Formation 

a If sputum is kept in a tall glass for several 
hours, some sputa separate into 2 or 3 
distinct layers, a froth) mucus on top, 
a second layer of opaque watery material 
and an underlying sediment of pus, tissue, 
bacteria, etc 

b Found in bronchiectasis, gangrene, and 
abscess of the lung 

V. Minute Macroscopic Examination 

A Prepare a portion of the sputum for examina 
tion by pounng it into a Petn dish to obtain 
a thin layer 

B Examine carefully against a black back 
ground with the aid of a hand lens for the 
following 

1 Cheesy masses are fragments of necrotic tis 
sue Found in tuberculosis pulmonary gan 
grene, abscess, or actinomycosis 

2 Curscbmarm s spirals — see microscopic exam 
ination 

3 Bronchial casts arc white branching tree like 
casts composed of fibnn 
a. The size vanes according to 

the bronchi in which they are 
formed 

b They arc usually rolled up into 
a ball and can be seen best when 
floating on water 
c. Found m fibrinous bronchitis and con 
sohdation of pneumonia 

4 Dittrichs plugs are yellowish white plugs 
from bronchi or bronchioles 

a. They vary jn size from that of a pm head 
to a bean and have a very putnd odor 
b They consist of cellular debns fat glob 
ules hay acid crystals and bacteria 
c Found in bronchial asthma putrid bron 
chitis and bronchiectasis 

5 Lung stones or broncboUths are calcified stag 
nant contents of cavines or dilated bronchi or 
are calcified tuberculous material 

C. Select any of the above if present, for micro 
scopic examination 

Microscopic Examination 
L Unstained Sputum 

A. Select a portion of the sputum during the 
minute macroscopic examination described 
above and place on a slide apply a cover glass 
and examine with low and high dry objectives 

B Pti 3 and blood may be distinguished as readi 
ly in unstained films of sputum as in a urine 
sediment. 



C. Pigmented Cells 

1 Heart failure Cells 
a Large mononuclear cells con 

t3imng hemosiderin a yellow to 
brown granular pigment which 
gives the Prussian blue reaction 

1) Add a drop of 10% potas \ 
sium ferrocyamde to a wet ' 
or dry preparation let stand for a few 
minutes and then cov er with a drop of 
5% HCL 

2) The hemosiderin granules become 
blue but many of the granules will 
fail to rake the blue color 

b Found in passive pulmonary congestion 
due to mitral stenosis cardiac decompen 
saaon also in pulmonary infarction, or 
after pulmonary hemorrhage 

2 Carbon laden Cells 

a Cells containing black granules 
b Found in anrhracosis, and m morning 
sputum of those who inhale large amounts 
of tobacco smoke or who live in a smoky 
atmosphere 

D Myelin Globules 

1 They are colorless, highly re ^ 
fractive, round oval or pear '€LU) 
shaped globules of various sizes _ Oj) 
often resembling fat droplets a e 
some large ones show concen Q(n 

tnc or irregularly spiral markings 

2 They are found both free and within cells 
the intracellular globules are small giving the 
cells the same appearance as heart failure cells 

3 They have no clinical significance but ma) 
be confused with blastomyces. 

E Elastic Fibers 

1 These appear as faint yellow 

slender highly refractive, dou 
ble contoured wavy fibers with 
curved and split ends 

2 The) indicate breaking down 
of the lung parenchyma 

F Curschmann’t Spirals 

1 The spirals are yellow wavy 
threads, usually coiled into d 
balls 

2 They are from 1 5 to 5 cm 
in length 

3 Under low power they appear is mucous 
threads with a bright colorless central line 
about which are wound many fibrils 

4 The fibrils are sometimes loosely, sometimes 
tightly wound and may contain eosinophil 
and Charcot Leyden crystals 

5 They suggest bronchial asthma 
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G Crystal* 

l Illustrations of cholesterol, leucine, and tyro- 
sine crystals may be found in the Section on 
Urinal) sis, page 21 and Charcot Leyden 
fatty acid ana hematoidin crystals may be 
found in the Section on Tcccs page 127 

1 Charcot Leyden — are colorless, hexagonal 
sharply pointed, often needle like crystals. 
They suggest bronchial asthma. 

3 Fatty acid— ore short slender needles gener 
ah) massed, so that the outlines of the sepa 
rate crystals are obscure. Found in gangrene 
putnd bronchitis, and chronic tuberculosis 

4 Cholesterol — ore large flat plates with one 
or more comers cut out Found in empy cma, 
chrome lung abscess and chronic tubcrcu 
losis. 

5 Leucine — arc highly refractive, yellow 
spheres resembling fat globules Found after 
rupture of an empyema into the lung 

6 Tyrosine — arc colorless fine, radiating nee 
dies, the masses being dark m the center 
Found with leucine crystals 

7 Hematoidin — are yellowish or brown crystals 
needle like or rhombic in shape. Found after 
hemorrhage in the lung 

IL Fungi 

1 See Section on Mycology, page 204 

2 Actinomyces bovts, sec Fig 23A, page 210 
a Small, gray or yellowish sulfur gran 

ules, 1 mm. or less in diameter, can be 
detected by direct examination with a 
hand lens. 

b Crush one of these granules on a slide 
and add a drop of 20% NaOH 
c Examine with a low power oluecme for 
a circular mass made up of filaments 
which radiate from a compact center 
d The filaments end in clubs which arc 
arranged around the periphery of the 
mass 

3 Nocardia asterotdes and gypsotdes occur as 
short, slender branching filaments which are 
usually in small tangled clusters The fila 
ments do not have clubs and are moderately 
acid fast therefore may be mistaken for 
tubercle b’cilli. 

4 Blastomyces dermatittdis occurs as round or 
oral yeast like bodies with a double con 
toured highly refractive capsule often bud 
ding see Fig 23C and D page 210 

5 Leptotnchia buccahs occurs as long un 
branched filaments with ptmacmed walls 

6 Aspergillus ftmngatus consists ol a network 
of broad mycelial threads some of which 
enlarge at the tip forming a vesicle Flask 
shaped stengmata are produced from the 


vesicle which in turn produce unbranched 
chains of comdia see Fig 22R, page 205 

7 FemciUimtt consists of a nerw ork of my celiaJ 
threads some of which form comdiophores. 
The comdiophores branch to give a brush 
like appearance, these branches produce 
flask-shaped stengmata from which on 
branched chains of comdia are formed set 
Fig 22S page 205 

8 Months (Candida), see Fig 24C and D page 
Zi4 

a Appear as yeast like budding ceils, 
b A tangled network of fine mycelial 
threads with clusters of spores may be 
present. 

c C albicans is the only one considered 
pathogenic for man 

9 Coccidtoidcs rmmitis is similar to blastomy 
ces but does not bud The organism contains 
many small spores m the center, see Fig 23E, 
page 210 

10 Crypto co ecus neofowtaru (Tornla histoly 
oca) occurs as an ovoid to spherical, single 
budding thick w ailed yeast like organism. 
5 to 20 microns in diameter and surrounded 
by a wide, refractive gelatinous capsule, sec 
Tig 23F, page 210 

11 Gcotnchvm appears as oblong or rcctangu 
lar cells 4 by 8 microns, with somewhat 
rounded ends or as large spherical cells, 4 
to 10 microns in diameter 

I Paronrci 

1 Endamoeba histolytica are found rarely ® 
amoebic abscess of the lung or after the rup- 
ture of a liver abscess into tne lung (See Table 
25 and Fig 17 ) 

2 Scobces and hooJJets of Echinococcus grao 
ulosus may be found after rupture of a by da 
ad cyst of the lung or the rupture of a cyst 
m the liver into the lung (See Table 21 * n 
Fig 15) 

3 Larvae of Strong) loides stercoralis, hooi 

worm and roundworm may be found (5e { 
Table 20 and Tig 14 ) . . 

4 Ova of Paragommus westermam (lung nuK; 
may be found (See Table 22 and Fig •"/ 

5 Rarely Trichomonas homims is found in spu- 
tum from putnd bronchitis and gangrene o 
the lung see Fig 17 

II Stained Spntnm 

A Tubercle Bacillus (ZicM IVeisen Stain) 

1 Select a small cheesy and purulent mass from 

the sputum and male a thin smear dry ^ 
fix in a flame Do not overheat. ' 

2 Apply as much carbol fuchsm solution 
will stay on the slide and steam (do not bo 
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over a flame for 5 minutes, replacing stain 
as it evaporates. (Do not let stain evaporate 
completely.) 

3. Let the stain cool until a sheen appears on 
the stain. 

4. Wash with water and decolorize with add 
alcohol (3% HQ in 95% alcohol) until all 
the pink has disappeared from the thinner 
portions of the smear. 

5. wash and counterstain with Loeffler’s meth- 
ylene blue solution for 1 minute. 

6. Tubercle bacilli are acid-fast and retain the 
red stain. 

7. If they cannot be found in such a smear, the 
sputum should be concentrated by one of 
tne digestion methods. 

8. A smear should be examined thoroughly be 
fore calling it negative. At least 3 sputa ob- 
tained on different days should be examined 
before the case is considered negative. 

9. Record a positive slide as follows: 

4* — from 3 to 9 arid-fast bacDli in entire j mear. 
+ + — 10 or more bacilli tn enure smear. 

+ + + — average of 1 to 10 bacilli in each field. 

++ + + = average of more than 10 barillj per field. 

10. Always note on the report whether the smear 
was made directly from the sputum or after 
concentration of the sputum. 

B. Cram Slain. 

1. Make a smear, diy, and fix in a flame. 

2. Make a Gram stain (see Section on Bacteri- 
ology, p. 164). 

3. Report morphology and staining reaction of 
organisms found. 

C. Wright's Stain. 

1. Make a thin smear and stain like a blood smear 
except increase the staining time. 

2 . Examine for the following: 

a. Polymorphonuclear neutrophils are _ the 
predominating cell in pyogenic infections. 

b. Eosinophils or eosinophilic granules are 
found in bronchial asthma. 

c. Lymphocytes predominate in early or 
mild cases of tuberculosis. 

d. Erytlnocytes are only present after a 
hemorrhage or in inflammatory -onditions. 

e. Epithelial cells. 

1) Squamous cells are large flat polygonal 
cells with a small nucleus; they are 
frequently studded with bacteria. 
They come from the mouth and upper 
air passages. 

2) Cylindrical cells come from the nose, 
trachea and bronchi. Occasionally 
ciliated cells from the trachea and 
bronchi are seen. 

3) Septal cells are large round or oval 


cells, 20 to 40 microns, with one or 
two rounded nuclei. 

Digestion Methods 

I. Sodium Hydroxide Method. 

A Method . 

1. Incubate the sputum at 37°C. for 3 hours 
or overnight. '(This step aids in the digestion 
but may be omitred if time does not permit.) 

2. Pour die sputum into a 50 cc. chemically 
clean centrifuge tube and add approximately 
an equal amount of digesting fluid (2% 
NaOH containing 0.2% potassium alum and 

0.002% bromthymol blue). 

3. Mix thoroughly with a wooden applicator 
and incubate at 37°C. for 30 minutes, stir- 
ring occasionally to insure complete liquefac- 
tion. 

4. Add slowly approximately 1 N HQ (10% by 
volume) with constant Stirring until a greenish 
yellow color appears. It wul take approxi- 
mately one half of the volume of NaOH used 

5. Centrifuge at high speed ,for 45 minutes 

6. Pour off the supernatant fluid, make a smear 
of the sediment, and stain for tubercle bacilli 

B. Cultures and Guinea Pig inoculation. 

1. Make cultures from the sediment. 

2. Dilute the remaining sediment with 2 cc. of 
sterile 0.85% NaQ solution and inject sub- 
cutaneously into the groin of a guinea pig. 

II. Oxalic Acid Method. 

A. Method. 

1. Mix thoroughly equal parts of sputum and 
5% pure oxalic acid solution. 

2. Incubate at 37 °G for 30 minutes, stirring 
occasionally - during this time. 

3. Dilute with 4 volumes of sterile 0.85% NaQ 
solution and mix thoroughly. 

4. Centrifuge at high speed for 45 minutes. 

5. Decant the supernatant fluid, make a smear 
of the sediment, and stain for tubercle bacilli 

B. Cultures and Guinea Pig Inoculation, 

1. Add sterile 0 8J% NaCl solution to the sedi- 
ment, shake, and centrifuge again at a high 
rate of speed for 45 minutes. 

2. Pour off all the supernatant fluid, make cul- 
tures, then dilute the sediment with 2 cc. of 
sterile NaCl solution, and inject subcutane- 
ously into the groin of a guinea pig. 

Bacteriological Examination 
I. Cultures— see page 175. 

II. Pnenmo coccus Typing- — see page 190, 

IH. Autogenous Vaccine — -See page 199. 

IV. Guinea Pig Inoculation — see page 200. 



Cerebrospinal Fluid 


General Considerations 
I Normal Cerebrospinal Fluid 
„ A. The chief source of the fluid is the highly 
vascular choroid plexus in the ventricles of 
the brain 

1 A large portion is produced by filtration from 
the blood plasma through a selectively perme 
able membrane consisting of the lining of the 

f lexus 

t is thought that a small portion is secreted 
by the cells of the choroid plexus and by the 
ependymal cells lining the ventricles 
B Location of the Fluid 
1 Internally it fills the ventricles of the brain 
(ventricular fluid), the cistemae (cisternal 
fluid), and the canal of the spinal cord 
2 Externally it fills the space between the pia 
and arachnoid membranes surrounding the 
brain and spinal cord (spinal fluid) 

^ C. Function of the Fluid 

l It acts as a medium for the transfer of sub 
stances from the tissues of the brain and spinal 
cord to the blood stream 
2 It serves as a space compensating mechanism 
in regulating the contents of the cranium 
3 It is a fluid Buffer against injury 

IL Amount and Pressure* 

A. Amount 

1 The normal amount is roughly estimated to 
be about 1 cc. per pound of body weight. 

2 There is an increased amount in acute and 
chronic congestion of the meninges due to 
increased transudation of plasma through the 
capillaries and probably to increased perme 
ability of the choroid plexus 
3 There is also an increased amount in acute 
and chrome infections due to the production 
of inflammatory exudate and to increased per 
meability of the capillaries 
B Pressure 

1 Normal pressure for the horizontal position 
~ varies between 70 and 200 mm. of water (0 8 
mm of mercury) with an average of 100 to 
ISO mm 

2 For abnormal findings see Table 26 page 154 


- Ill Collection of Fluid 
A. Lumbar puncture is a relatively safe and 
simple procedure, but should not be done 
unless tnere are definite indications 

1 Indications 

a. Diagnostic 

1) To obtain spinal fluid for study 

2) To estimate intracranial pressure 

3) To test for spinal block. 

4) To introduce air or a hpoidal substance 
b Therapeutic 

1 ) To introduce serum, penicillin, strepto- 
mycin, or an anesthetic. 

2) To remove blood or imtame exudates. 

2 Contraindications 

a Subtentorial tumors, 
b Presence of greatly increased intracranial 
pressure 

B Cisternal puncture (ciatcrna magna) » 
somewhat more dangerous than a lumbar 
puncture and is usually done only under the 
follow ing conditions 

1 Block in the spinal canal 

2 Deformity of the vertebrae 

3 Infection of the tissues of the back. 

C. Ventricular puncture is frequently done in 
infants who have open fontanelles but rarely 
done m adults except in connection with ven 
tnculography 

D Amount to be Collected 

1 At least 8 to 10 cc. of fluid is necessary fot 
a complete examination. 

2 It should be collected in 3 sterile, chemicaln 
clean test tubes numbered 1 2, and 3 

3 The first drops are placed in tube 1 and ma) 
contain some blood from the puncture 

a This fluid should not be used unless it is 
necessary for bacteriological examination, 
b The presence of the slightest amount o 
blood makes the various laboratory tests 
valueless because the cell count and chem- 
ical composition (except chlorides) o 
spinal fluid are normally lower than those 
of blood 

4 Collect 7 cc in tube 2 for serological, bacten 
ological and chemical tests. 


ISO 
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5. Collect about 2 cc. in tube 3 for cell count 
and qualitative protein tests. 

6. When a xanthochromic (canary yellow) fluid 
is obtained, it is advisable to add a trace of 
lithium oxalate to tubes 2 and 3 to prevent 
clotting. 

7. The cell count and examinations for bac- 
teria and sugar must be done at once, while 
the remaining J£sts''can be delayed several 
hours if the specimen is kept in die refriger- 
ator. 

8. Venous blood should be drawn at the same 
time as the spinal fluid if chemical tests are to 
be done, especially for sugar and chloride. 

Macroscopic Examination 

I. Physical Properties. 

Color. 

1. Normally the fluid is as clear and colorless 
as distilled water. 

2. Bright red due to fresh blood from a vessel 
punctured while inserting the needle; upon 
centrifugation the supernatant fluid is clear. 

J. Dull red or brown (depending on the age of 
the lesion) in hemorrhages due to a frac- 
tured skull or in some intracranial hemor- 
rhages and chronic hemorrhagic pachymenin- 
gitis. After 48 hours hemolysis begins, so 
that a hemorrhage of at least this age is rec- 
ognized by the yellow or red color of the 
supernatant fluid after centrifugation. 

4. Yellow (xanthochromic) may be due to 
blood pigments resulting from disintegration 
of erythrocytes within the subarachnoid space 
or to altered permeability of the lining mem- 
branes to pigments in the blood plasma which 
under normal conditions are excluded. 

. a. Found in subarachnoid hemorrhage, extra- 
dural and subpial hematoma, spinal block, 
tumor, abscess, acute inflammation, caro- 
tenemia, and acute toxoplasmosis, 

b. In severe and chronic jaundice the fluid 
may contain bile. 

5. Greenish or grayish due to pus cells in severe 
inflammatory reactions. 

B. TurbWily. 

1. In acute meningitis the fluid may exhibit 
varying degrees of cloudiness, from slight 
turbidity to the opacity of almost pure pus. 

2. In the less acute stage of epidemic menin- 
gitis, it is sometimes quite dear. 

3. It is usually clear in tuberculous and syph- 
ilitic meningitis, tabes, and poliomyelitis. 

C. Reaction is alkaline. 

D. Specific Gravity! 1.003-1.008. 


II. Coagulation. 

A. Normal spinal fluid does nor coagulate. 

B. Abnormal. 

1. The fluid clots when there is an increase in 
proteins including fibrinogen. 

2. Numerous small coagula occur in paresis. 

3. A “cobweb” or “pine tree” delicate coagulum 
is typical of tuberculous meningitis; it forms 
on the surface of the fluid and extends down 
the middle of the tube. 

a. Twelve or more hours may be required 
for its formation. 

b. The absence of a pellicle does not ex- 
dude tuberculous meningitis. 

4. Heavy coagulum and sediment occur in acute 
suppurative meningitis. 

5. Complete coagulation with xanthochromia 
without hemorrhage occurs in Froin's syn- 
drome (spinal subarachnoid block). 


Chemical Examination 
I. Proteins (Qualitative Teats). 

A- General Considerations. 

1. The protein of chief interest is globulin. 

2. A test for globulin is valueless when applied to 
fluid containing blood, owing to the presence 
of serum globulin. 

3. If the fluid is cloudy, it should be centrifuged 
and the clear supernatant fluid used for the 
test. 

B. Nonne-Apelt Test. 

1. Globulin (Same as Ross-Jones Test). 

a. Pipette 1 cc. of spinal fluid into a small 
test tube. 

b. Place the tip of a pipette containing I cc. 
of a saturated solution of ammonium sul- 
fate (80 gm. in 100 cc. of distilled water) 
to the bottom of the test tube, holding 
the finger over the top of the pipette. 

c. Gently remove the finger so that the am- 
monium sulfate solution layers underneath 
the spinal fluid and then place the finger 
over the top of the pipette and remove the 
pipette from the fluid. 

d. If positive, a clear-cut, thin, grayish-white 
ring appears at the zone of contact of the 
two fluids within a few seconds. 

e. Observe for 3 minutes. If a ring is formed 
at the zone of contact, shake the tube to 
mix the fluid with the ammonium sulfate 
and report as foI!o%vs: 
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+ = a nnf appearing within 3 minutes wh ch 
ts vis b!e only aga nst a dark background 
and leaving no trace on truing the con 
tents of the tube 

+ + = a faint opalescence after m xing 
+ + + = a defnte cloud after m x ng 
+ -j- + + = a heavy cloud after mixing 

f Normally a nng may appear after 3 mm 
utes. 

2 Albttmm 

a. Shale the contents of the tube used in 
the globulin test and filter 
b Acidify with 1 drop of 10% acetic acid 
and boil- 

c A slight cloudiness is normal 
d Report as follows 

Neg “ a si ght cloud ness. 

+ — a defin te cloudiness w th a fine 
prec p tate 

4- -f = a flocculate prec p tate in a a! ghdy 
cloudy flu d. 

+ + + — a heavy flocculate prec p tate in a 
clear flu d 

C. Pandy’s Test. 

lU To 1 cc o.La saturated aqu eous solution of 
\\ phenof add 1 large drop of spin al fluid 
12 A bluis h \v hire cloud formin g immediately 

I \ around the drop indicates an abnorm al amount 

I I of glo bulin^ . Normal fluids may s how a faint 
trace b ut this should he reported negatnc 

3 A saturated solution of phenol is prepared 
by placing 10 cc of melted phenol in a bot 
tie and adding 90 cc of distilled water Shake 
at intervals for several days during which 
time it is kept m the incubator at 37 8 G 

IL Total Protein (Quantitative Teat) 

See Section on Chemistry page 277 for method 
and Table 26 for values and significance 

III. Sugar 

A General Consideration* 

1 The test for sugar must be performed within 
one half hour after withdrawal of the fluid 
because glucose gradually decomposes on 
standing 

2 Blood for glucose determination must be 
drawn at the same time. 

3 If possible, the spinal fluid and blood for this 
test should be drawn before breakfast. 

4 The glucose in spinal fluid is normally 60% 
of that m the blood 

B Method — See Section on Chemistry page 

C. Interpretation — See Table 26 on page 254 
J IV Chlorides. 

A. General Considerations 
1 Blood fo r chloride determination sh ould be 


drawn at the sam e time i he spinal fluid n 
withdrawn. 

2 The chlorides in spinal fluid j s normally 25$ 
high er than that in the blood 
B Mctfiod — See S ection on Chem istry page 
298^ 

C. Interpretation — See Table 26 page 154 
Cytology 

The leukocyte count in the spinal fluid most 
be made within one hour after the spinal pane 
ture because cells disintegrate on standing The 
routine examination should include both a total 
and a differential count. 

I Cell Count. 

A Shake the spinal fluid well and place about 
0 4 cc m a small test tube or on a watch glass 
so that the remaining fluid will not be con 
laminated with the diluting fluid 
B Method I 

1 Draw up the diluting fluid in the leukocyte 
pipette to the mark 1 and fill to mark 11 wit" 
spinal fluid 
DtSutmg Fluid 
Crystal v olet 
Glacial seme acid 
Distilled water 
Flter the diluting fluid should be free of any V* f 
tides 

2 Mix by shaking the pipette well and then 
discard 2 or 3 drops 

3 Place a drop on eacn side of a double counting 
chamber in the same manner as for a leuko* 
cyte count and w-ait 2 minutes for the cells 
to settle. 

4 Count the cells in the 18 one-millimeter 
squares (9 oa each ruling) and multiply by 
0 6 The result will be the number of celb 
per c mm of undiluted fluid 

5 Differentiate the cells while counting if 
count is above normal. Report per cent O' 
each t) pc. 

6 The normal count varies from 1 to 8 

7 An increased cell count is due to an irritant* 
or inflammatory lesion of the brain spin** 
cord or meninges 

8 A Fuchs-Rosenthal counting chamber ma> b c 

used instead of a hemocytometer counting 
chamber 

a. The cells must settle 5 minutes befor 
counting . 

b The ruled area covers 16 sq mm 311 , 
with the cover glass on it has a depth o 
0 2 mm , 

c The number of cells counted in the 
sq mm is muloplicd bj 0 35 to obtai 
the number per c. m 


01 gtn- 

10.0 c* 

90.0 c* 
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C, Method II (Pollock’s Method). 

!. Draw glacial acetic acid up in the erythro- 
cyte pipette to mark 1, suck up into bulb, 
then draw more acid to mark 1. 

2. Fill pipette with spinal fluid, shake well, and 
discard 5 or 6 drops. 

3. Place a drop on each side of a double count- 
ing chamber. 

4. Count all cells present 3n 18 one-millimeter 
squares (9 on each ruling) distinguishing be- 
tween erythrocytes and leukocytes. The nu- 
clei of the leukocytes will be distinct, while 
the erythrocytes will have faint outlines. 

5. Multiply the result by 0.57 to obtain the 
number of cells per c. mm. 

6. A correction can be made when the spinal 
fluid is bloody by making an erythrocyte and 
leukocyte count on the patient’s blood. 

7. Multiply the ratio of the erythrocyte count 
of the spinal fluid to the erythrocyte count 
of the blood by the blood leukocyte count 
and subtract this product from the leukocyte 
count of the spinal fluid. 

... R3.C. (j P . fl.) X W3.C. (blood) 

W3.C. (sp. fl.) ~ R.BC. (blood) 

=W.B.C. per c. mm. of spinal fluid. 


II. Differential Count. 

A. Method, 

1. Centrifuge the fluid for 10 to 15 minutes at 
moderate speed. 

2. Pour off the supernatant fluid into another 
test tube and make thin smears of the sedi- 
ment on a slide. 

3. Dry in the air without heat and make a 
Wright’s stain. 

4. Count and tabulate 100 leukocytes. 

5. If the fluid was xanthochromic and obtained 
from an infant less than 2 months old, examine 
particularly for toxoplasma organisms in the 
polymorphonuclear leukocytes or monocytes, 
see page 79. 

B. Normally, only mononnelear cells (lympho- 
cytes or an occasional monocyte) and an 
occasional endothelial cell from the lining of 
the pia-arachnoidal spaces are found. 

Bacteriology and Serology 

I. Smears. 

A. Direct. 

1. Centrifuge the fluid at a high rate of speed 
for 15 minutes. 

2. Make a smear, dry, fix with heat, and stain 
by Gram’s method. 

B. Smear for Tubercle Bacilli (Cone’s Meth- 
od). 


1. Place a paper clip in a small staining dish 
(about 4.5 cm. in diameter and 2 cm. deep) 
and place a No. 1 cover glass (22 x 30 mm.) 
on top of it. 

2. Fill the dish with spinal fluid (10-15 cc.) and 
allow to stand at room temperature for sev- 
eral hours or until a fine web forms on the 
surface of the fluid. 

3. Remove the fluid from the dish by means of 
a capillary pipette with the tip to the bottom 
of the dish. 

4. As the fluid is removed the web will settle 
on the cover glass. (If no web forms, centri- 
fuge the fluid for 45 minutes and make a 
smear of the sediment.) 

5. Dry, fix by hear, and stain for S minutes by 
placing in a staining dish containing hot 
carbol-fnchsin solution. 

6. Remove cover glass, rinse with water, and 
decolorize by repeatedly flooding the cover 
glass with acid alcohol until no more pink 
remains on the cover glass. 

7. Rinse cover glass in water and counterstain 
with methylene blue solution for 1 minute. 

8. Wash in water and dry. 

9. Mount the cover glass with the smear side 
down on a glass slide with clarite. 

II. Cultures and Guinea Pig Inoculation. 

A. Culture ». 

1. See Section on Bacteriology, page 183. 

2. Cultures must be made immediately after the 
fluid is withdrawn; if, this is impossible, the 
fluid must be kept in the 37°C. incubator un- 
til cultures can be made. 

B. Guinea Fig Inoculation, 

1. Centrifuge at a high rate of speed for 45 min- 
utes and pour off all but 2 cc. of the super- 
natant fluid. 

2. Shake to make a suspension of the sediment 
and inoculate into the groin of a guinea pig; 

1 cc. subcutaneously and 1 cc. xntraperitone- 

3. See guinea pig inoculation in Section on Bac 
teriology for positive autopsy findings. 

HI. WoSBermnnn. 

See Section on Serology, pages 228 and 233. 

Lange’s Colloidal Gold Test 
L Colloidal Gold Test. 

A. Principle: The changes in color of the col- 
loidal gold axe the result of differences in the 
aggregation of colloidal particles due to vary- 
ing quantities of gamma globulin in the spinal 
fluid. 



Table 26 Cerebrospinal Pluto Findings in Diseasf 
Spmd Fluid 




Menmgisnuis is a clinical entity— spinal fluid is normal. 
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Table 26 Continued 
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1 

■ 
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1 

I 

i J d agnostic purpose* 


B General Coiuiderationi 

1 Spinal fluid containing blood cannot be used, 
because falsely positive and variable reactions 
may be obtained 

2 If the spinal fluid cell count is abov e normal, 
the fluid should be centrifuged and the super 
natant fluid used for the test 

C. Method 

1 Arrange a senes of 12 chemically clean, dry, 
pvrex test tubes m a rack with an opaque 
glass back 

2 Place 09 cc of freshlj prepared 04% NaQ 
solution in the first test cute and 0 5 cc. m 
each of the next 10 tubes. (Prepare the 0 4% 


NaQ solution by adding 1 cc of a stock 10% 
NaQ solution to 24 cc. of distilled water ) 

3 Place 0 85 cc. of a 1% NaQ solution in the 
12th tube. 

4 To the first tube add 0 1 cc. of the spun] 
fluid, which must be free from any trace oi 
blood 

a. Mix well by sucking the fluid up into the 
pipette and expelling it 4 tunes, and trans- 
fer 0 5 cc. to the second tube 
b Mix in a similar manner and transfer 0 ) 
cc to the third tube, repeat this in each 
successive tube to and including the tenth, 
c Discard 0 5 cc. from the tenth tube. 


Dilutions of Spinal Fluid |r n ntrols 

with 04% NaCL , 



i 

1 

1 

1 

I 


i 

l 

B 

| 

tLjO 

° a 

sS 

SS 

fg 

Ild&'ibkwrA'iMia 

a 




g 



■ 

■ 


1 


m 

PALE BLUE or PINK 

□ 

■ 

■ 

■ 

■ 

■ 

A 


■ 

■ 

■ 


m 

BLUE 

s 

■ 

■ 

■ 

h 

■ 

■ 

a 


■ 

■ 


■ 

LILAC or PURPLE 

2 

■ 

■ 

a 

■ 

a 

■ 

rj 

a 

s 

I 


a 

RED -BLUE 

a 


a 

■ 

R 

* 

s 

■ 


R 

Q 


a 

BRILLIANT RED ORANGE 


1 


i 

R 

m 


ES 

ms 

i 

o 
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d. The 11th and 12th tubes are controls and 
contain no spinal fluid. 

5. To each of the 12 tubes, add 2.5 cc. of the 
colloidal gold solution; the 11th tube serves 
as a control for the stability of the colloidal 
gold, while the 12th is a control for the 
sensitivity of the colloidal gold. (The 12th 
tube should become colorless in 1 hour’s 
time.) 

6. Let stand overnight and read the next morn- 
ing- 

7. The reaction in each tube is reported in the 
order in which the tubes stand, from 1 to 10. 
They may be charted as in Fig. 18 or reported 
numerically as follows* normal, 0001100000; 
paretic curve, 5555542100, luetic or tabetic 
curve, 0123100000; meningitic curve, 
0000012321; curve in brain tumor and tuber- 
culous meningitis, 0000123100. 

8. Abnormal Findings. 

a. See Table 26 on p3ge 154. 

b. A luetic or parenc type curve does not 
indicate syphilis, unless the Wassermann 
test is also positive. 

c. A luetic type curve is found frequently 
in fluid in which there is an excess of pro- 
tein from any cause. 

d. A luetic or paretic type of curve may be 
obtained in myxedema. 


II. Preparation of Colloidal Gold. 

A. General Considerations. 

1. Use chemically clean “Pyrex” glassware. 

2. Qean again with aqua regia (1 volume HN0 3 
to 3 volumes HC1) and rinse thoroughly first 
with single distilled water then with double 
distilled water. 

3. All chemicals should be Merck’s “Blue Label.” 

4. The solutions should be made in double dis- 
tilled water and the sodium citrate solution 
made fresh each time. 

B. Boroxcslcaja’s Modification. 

1. Add 10 cc. of a 1% solution of acid yellow 
gold chloride to 950 cc. of double distilled 
water in a 2 liter beaker. 

2. Heat to 90°C. and add 50 cc. of a 1% sola* 
tion of sodium citrate. 

3. Boil, stirring constantly until a dark-red color 
appears, then watch carefully looking through 
the solution to the daylight until a cherry-red 
color appears without any evidence of blue. 
The longer the solution boils the more sensi- 
tive it becomes. 

4. Allow the solution to cool slowly. 

5. After the solution has stood for 24 hours, it 
must be checked with a known positive and 
negative spinal fluid. 
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Transudates and Exudates 
L General Considerations. 

A. Transudates. 

1. These are fluids which accumulate in serous 
cavities as a result of noninflammatory proc- 
esses. 

2. Usually due to a disturbance of circulation 
with passive congestion and edema 

3. Examples are effusions into the pleural, peri- 
cardial, and peritoneal cavities 

B. Exudates. 

!. These are fluids which accumulate in tissues 
and serous cavities as a result of an inflam- 
matory process. 

2. Usually due to bacterial infection. 

C. For distinguishing characteristics see Table 
27. 

II. Collection of Fluid. 

A. All fluid collected should be sent to the lab- 
oratory as soon as possible. 

B. If cultures are to be made, the fluid must 
be collected in a stenlc container and kept 
free from contamination. 

C. If cell count and chemical determinations ate 
to be made on exudates, a small amount of 
lithium oxalate should be added to the fluid 
immediately after withdrawal. 

D. For differentiation of transudates and exu- 
dates see Table 27. 

IB. Chemical Examination. 

A. Protein. 

1. Qualitative Test (Rivalta’s Method). 

a. Add O.i cc. of glacial acetic acid to 100 
cc. of water in a graduated glass cylinder 
and mix. 

b. Allow a drop of fluid, free from cells, 
to fall into this solution. 

c. Normal body fluids give no cloud, trans- 
udates ghe only a slight cloud, and in- 
flammatory exudates give a heavy precipi- 
tate, often falling to the bottom with the 
drop of fluid. 

d. The precipitate is produced by serosa- 
mucin. 


2. Quantitative Test. 

a. Use same method as for scrum total pro- 
tein, page 275, except make a 1-25 dilution 
instead of a 1-50. 

b. See Table 27 for interpretation. 

B. For other chemical substances, follow di- 
rections for determination for that particular 

"sdiTSGmZX VTj uVcrt/i. 

1. Most nonprotein substances in exudates and 
transudates parallel their values in the blood 
pbsma. 

2. Uric acid is higher in transudates from tumoi 
cases. 

3. Cholesterol varies considerably; it is high ir 
chylous and chyloid exudates 

IV. Microscopic Examination. 

A. A cell count may be made by the saint 
method used for spinal fluid except use 0 85ft 
Nad solution instead of the diluting fluid 
described 

B. Differential Count. 

1. Place fluid in a 50 cc. centrifuge tube and 
centnfugc at a high rate of speed for *0 nun- 
utes. Centrifugation for tumor cells will t* 
described later. 

2. Pour off the supernatant fluid and make I 

smear of the sediment. . „ 

3. Make a Wright's stain and differentiate 1W 
cells. 

C. Smear for Bacteria. 

1. Centrifuge as described under differential 
count. 

2. For bacteria make a smear, dry, fix. an “ stau1 

by Gram's method. - 

3. For tubercle bacilli make a smear, dry, 
and stain by Ziehl-Neelsen method 

D. Examination for Tumor Cells. 

!. The entire amount of fluid must be centri- 
fuged as soon as possible after removal- 

2. Fill four to eight 50 cc. centrifuge 

and centrifuge at a high rate of speed 
30 minutes. . 

3. Pour off the supernatant fluid, add more 
fluid to the sediment, and centnfugc again 

4. Repeat until all the fluid is centrifuge 
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5. Wash sediment from all tubes but one with 
10% formalin into the one tube 
6 Centrifuge and pour off the supernatant fluid 
7. Melt a tube of plain agar and pour mto a 
mold 

8 Loosen the sediment m the bottom of the 
test tube and pour directly into the agar in 
the mold The sediment will settle To the 
bottom of the agar 

9 Cool in the refrigerator and trim off the ex- 
cess agar 

10 Fix the block of agar in 10% formalin for 24 
hours. 

1 1 Dehydrate the agar block as for tissues, em- 
bed in paraffin, cut, and stain with hematox- 
ylin and eosin 


JIL Bacteriology. 

A. Direct Smear . 

1 Centnfuge as described under differential 
count. 

2 Make a smear of the sediment, dry, fix, and 
make a Gram stain 

3 Examine for bacteria 

B. Cultures. 

1 See Section on Bacteriology, page 183 

2 Culture for N gonorrhoeae as described on 
page 182 

G Complement-fixation Test. 

1 To rule out syphilis use synovial fluid in place 
of serum in the routine method for the Was 


Table 27 Differentiation of Transudates and Exudates 



Transudates 

Exudates 

Appearance 

Clear serous hgbt yellow 

Clear or cloudy Serous flocculent 
(fibrin) purulent hemorrhagic, chy 
lous, cnyloid or any combination 

Specificgravity 

Below t 01 8 

Above I 018 

Clot 

None 1 

Clots spontaneously 

Protein 

Less than 2 5 gm % 

More than 2 5 gm % 

Jferosa mucin 

Thivalta Test) 

Negative 

Positive 

Celia 

Few endothelial cells and small lympho- 
cytes Tumor cells may be found 1 
Eosinophils are increased after repeated; 
tappings 

Many polymorphonuclears in acute in 
fection Small lymphocytes in chronic 
infections Erythrocytes usually present 

Bacteria 

Absent 

Usually present 


Synovial Fluid 

L Synovial Fluid is obtained by aspiration of a 
joint, bursa, or tendon sheath. 

II. Cell Count. 

A. Method. 

1 Use the same method as described under spinal 
fluid except use 0 85% NaCl solution instead 
of diluting fluid described 

2. Normally there are 50 to <50 leukocytes per 
c mm 

B Di^erenfial Count. 

1 Centnfuge some of the fluid at high speed for 
30 minutes, pour off the supernatant fluid, 
and make a smear of the sediment. 

2 When dry make a Wright's stain and differen- 
tiate 100 cells 

3 Normal differential count reveals 60 to 70% 
monocytes, 20 to 30% lymphocytes, 5 to 10% 
neutrophils, and 4% synovial cells 


sermann test, see pages 226 and 232 

2 To rule out gonorrhea use synovial fluid 
instead of serum in the gonococcus comple- 
ment-fixation test, see pages 228 and 234 

IV. Abnormal Findings. 

A. Chronic Infective Arthritis. 

1. Leukocytes are increased to 5,000 or more 
perc m 

2 Cultures are usually positive 

3 In gonorrheal arthritis there may be a posi- 
tive gonococcus complement-fixation test. 

B. Syphilitic Arthritis. 

1 If the complement-fixation test for syphilis 
is positive and the blood test is negative, there 
is definite evidence the joint lesion is due to 
syphilis. 

2. If the blood test is positive as well as the syno- 
vial fluid, there is no evidence the joint lesion 
is due to ssphihs 

G Trauma -there ma) be man> erythrocytes. 
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Semen 

L Macroscopic Examination, 

A. Volume. 

1 Measure the volume in a small graduated cyl- 
mder 

2 The amount varies between a few drops up 
to 10 cc., samples less than 1 5 cc arc con- 
sidered below normal 

B Viscosity . 

1 Freshly ejaculated semen has a high degree of 
viscosity 

2 Self liquefaction should be complete after 30 
minutes 

C. Reaction — pH 

1 It ts always alkaline hating a range of 7 2 to 
8 9, with an average of 7 8 

2 The reaction of semen has little significance, 

II Spermatozoa 

A. Motility. 

1 After ejaculation the semen should be trans- 
ferred immediately from the condom to a 
clean bottle or test tube as the spermicidal 
substances in the condom w ill cause cessation 
of mobility of the spermatozoa. 

2 Place a large drop of semen on a slide cover 
with a cover glass, and run with vaseline 

3 Examine with the high dry objective of the 
microscope. 

4 Note rounhly the proportion of motile to non 
motile cells and also look for testicular cells, 
epithelial cells, leukocytes ery throe) tes, and 
crystals 

f Examine the slide after 3, 6, 12, and 24 hours 
to determine when motility ceases 

6 There should be no reduction of activity 3 
hours after emission, slight reduction after 6 
hours, and usually complete cessation of mo 
t3ity after 12 hours at room ternperarure 

B Counting of Spermatozoa. 

1 Mix the specimen thoroughly b) shaking 
gently 

2 Use a leukocyte counting pipette and draw 
the semen up to the 0 5 mark, then dilute to 
mark 1 1 with the following diluting fluid 


Sodium bicarbonate Jgm 

Formalin (neutral) 1 cc. 

Dualled water 1 00 cc 

3 Place on a hcmocytometcr counting chambet 
in the manner as for a leukocyte count, allow 
cells to settle for 2 minutes, and count the 
cells m 4 sq mm 

4 Calculation 

a. Obtain the total number of spermatozoa to 
1 c. mm. of semen by multiplying the 
number counted in 4 sq”mm by 50 
b The results are reported In cc., therefore, 
the number per c. mm. is multiplied by 
1000 

5 Normal Count 100-150 million per cc. 

C. Stained Smear. 

1 After spontaneous hquefacnon of the semen, 
prepare a thin smear on a clean glass slide 
the smear should be made within 2 hours. 

2 Dry' in air and fix gently with beat by passing 
the slide through a flame. 

3 When the slide has cooled to room tempers 
turc, cov cr w ith a 0 25% aqueous solution of 
basic fuchsin and stain for 5 minutes. 

4 Wash with tap water, dry', and examine un- 
der the oil immersion objective of the micro- 
scope. 

5 The heads of the spermatozoa are a dark red 
color w hile the tail and middle piece are pink 

6 Count the number of spermatozoa in a micro- 
scopic field without regard to their mor 

7 ^carc^ the same field for immature forms of 
spermatozoa 

8 Examine 100 to 500 spermatozoa for abnor 
malices. 

a. Heads— too small, too large, pointed, 
ragged edges, atypical distribution o' 
chromatin, vacuoles, or double heads, 
b Middle piece — absent, bifurcated, swol 
lea. 

c. Tails — double, curled, rudimentary, or 
absent. 

9 Report per cent of abnormal forms and im- 
mature forms, also report the presence oJ 
epithelial cells, erythrocytes, and leukocytes' 

10 At least 80 per cent should be normal^ 
formed. 



Pregnancy Tests 


I. Friedman Test. 

K. Principle: An anterior-pituitary-hkc hor- 
mone ts produced in pregnancy by the 
placenta and excreted in the unne When 
urine containing this hormone is injected into 
virgin female rabbits it produces ripening of 
and hemorrhage into the follicles of the 
ovaries 

B. Method. 

1 The patient should be instructed to drink 
very little water the evening before the test. 

2 The patient should not take any aspirin, 
quinine, or barbiturates for at least 24 hours 
before collecting the unne as these drugs 
will kill the rabbit 

J Collect the first morning specimen of unne 
in a clean container and 1 eep in a cool place 
to avoid bacterial growth 

4 If the unne is not acid, add 10% acetic acid 
one drop at a amc until acid to mtrazme 
paper The hormone is more active in an 
acid medium (pH 6 5 7 0) 

5 Tal e the specific gravity and if it is less 
than 1 015, save a portion of the unne for a 
second injection of 10 cc after 4 hours 

6 Filter and warm the urine to body temper- 
ature 

7 Inject 15 to 20 cc slowly into the marginal 
ear vein of a female rabbit, sterile precau- 
tions are not necessary 

8 The rabbit should be not less than 17 weeks 
old and should weigh over 4 pounds It 
must be kept isolated from all other rabbits 
for 8 to 9 weeks before the test 

9 Kill or operate upon the rabbit m 30 to 48 
hours after the injection and examine the 
ovaries 

10 If negative, the ovaries are pure white or 
light pink and large mature follicles may 
be present 

11 False negative reactions may be due to the 
use of rabbits not old enough to produce 
a positive reaction In these rabbits the 
ovanes are narrow, flat, have an opaque ap- 
pearance, and the uterine boms are pure 
white 

12 If positive, from 1 to 14 corpora hemor- 
rhagica and corpora lutea are present in each 
ovary, see Fig 19 


13 Positive reactions occur m me following 
a In 95-97% of normal pregnancies a posi 
tive reaction may be obtained as early 
as 10 to 14 days after conception, but 
negative tests are not dependable until 10 
days after the first missed period 
b In about 50% of ectopic pregnancies, 
these are followed by negative results in 
3 weeks after the onset of vaginal bleed- 
ing 

c After fetal death, missed or incomplete 
abortions, as long as living placental ds 
sue is present. 

d In hydatidiform moles and chononepithe- 
lioma 

e In men with choriocarcinoma and some- 
times with teratoma and embryonal car 
cinoma of the testicles 



Fie. 19 Rabbit Ovaries Showing Corpora Hemorrhagica 
and Corpora Lutea in a Positive Friedman Test 


161 



162 


MANUAL OF CLINICAL LABORATORY METHODS 


f. In tumors of the pituitary in which there 
is an increased production of gonado- 
tropic hormones. 

C. Quantitative Friedman Test. 

1. This test ma> be used in suspected cases of 
hydatidiform moles, chorionepithehoma, and 
tumors of the testes. 

2. Make a 1-10 and a 1-100 dilution of urine ifl 
0 85% NaCl solution 

3. Inject 1 rabbit with 5 cc of the 1-10 dilution 
w hich equals 0 5 cc of undiluted urine 

I. Inject another rabbit with 5 cc of the 1-100 
dilution whtch equals 005 cc. of undiluted 
urine 

5. If the rabbit injected with the 1-100 dilution 
is strongly positive in 48 hours, inject a third 
rabbit with 5 cc of a 1-1000 dilution W'hich 
equals 0 005 cc of undiluted urine. 

6 In cases of hydatidiform moles, chorionepithe- 
Iioma, and certain tumors of the testes, the 
pituitarj-likc hormone is present in a much 
higher concentration than in cases of preg- 
nancy. 

a Occasionally 0 5 cc of urine from a preg- 
nant woman will give a positive reaction 
b A positive reaction w ith 0 05 cc of urine 
is almost certainly to be due to one of the 
above mentioned tumors 

II. lIofTinnnn Test. 

A. Method. 

1. Obtain about 12 cc of venous blood, allow 
to clot, centrifuge, and separate the scrum 

2. The same precautions about medication should 
be taken as when urine is used 

3. Inject 3 to 4 cc. of the serum into the marginal 
ear vein of a female rabbit similar to that 
used in the Friedman Test. 

4. Kill or operate upon the rabbit 30 to 48 hours 
after the injection 

B. Findings are identical w ith those in the Fried- 
man test This method is useful when the 
urine contains a toxic substance which kills 
the rabbit. 

III. Quantitative Aseheim-Zondek Teat. 

A. General Considerations. 

1. Six immature female mice weighing from 5 
to 8 grams are necessary for the test, three 
are inoculated with unconcentrated urine and 
three with concentrated urine. 

2. A 24 hour specimen of urine is necessary; if 
alkaline, acidify with a few' drops of glacial 
acetic acid. 


B. V neon cent rated Urine. 

I. Inject each of 3 mice underneath the skin of 
the back with 0.1, 0.2, and 0.4 cc. of urine 
respectively. 

2 Repeat injections 4 times during the next 4? 
hours, keeping urine in the refrigerator in 
the meantime. 

3. Kill the mice with ether 100 hours after the 
last injection. 

4 Examine the ovaries with a hand lens and 
then place in 10% formalin for sections 

5. Normal ovaries 3rc pinhead in size and pale 
m appearance. 

6 Positive reactions consist of- 

a. Reaction I — hyperemia and swelling of 
the Graafian follicles together with forma 
tion of cumulus oophorus. 
b Reaction II — hemorrhages found in the 
npened follicles 

7 Positive reactions in the different mice are 
equivalent to 2000 (0.1 cc.), 1000 (0 2 cc.), 
and 500 (0 4 cc ) mouse units of hormone 
per liter. 

C. Concentrated Urine. 

1. To 40 cc. of urine, add 200 cc. of 95% alco- 
hol and let stand overnight in the refrigerator 
A precipitate containing the hormone wall 
settle to the bottom 

2. Next day siphon off the supernatant fluid 
leaving the precipitate with about 40 to 45 
cc of fluid 

3. Mix die precipitate with the fluid and poui 
into a centrifuge tube. 

4 Centrifuge for 5 minutes, then pour off the 
supernatant fluid 

5. Add about 30 cc. of ether to the precipitate 
and stir for 10 minutes 

<5. Centrifuge for 5 minutes and then pour off 
the ether. 

7. Spread the precipitate around the bottom of 
the tube with a glass rod and allow’ to dr)’ 

8. Wl.cn dry, add 8 cc. of distilled tvatcr and 
let stand overnight. 

9. Next day centrifuge and pour the clear 
supernatant fluid containing the hormone 
into a clean test tube. Keep in the refriger- 
ator. 

10. Inject 3 mice with 0 1, 0 2, and 0.4 cc. o 
this supernatant fluid as directed under 
above. 

II. Positive reactions in the different mice are 
equivalent to 400 (0.1 cc.), 200 (0.2 cc), 
and 100 (0 4 cc.) mouse units of hormon 
per liter. 



Bacteriology 


General Considerations 

I Bacteriology lias many chmcal apphca 
tions m medicine 

A The isolation and identification of bacteria 
to determine the causative agent in mfec 
ttons 

B The identification of specific types in mixed 
species e g , the types of pneumococci and 
streptococci 

C. The preparation of antigens for diagnostic 
agglutination tests 

D The preparation of autogenous vaccines 

II Diagnosis can be made by S general 
methods m clinical bacteriology 

A Morphology on a direct smear 

B Culture on various types of media 

C. Demonstration of antigenic properties such 
as typing pneumococci meningococci etc 

D Demonstration of antibodies as in aggluti 
nation tests 

E Animal inoculation 

III Certain rules should be so well known 
that they may be applied almost auto 
matically: 

A The strictest aseptic precautions must be 
exercised in the securing of material for 
bacterial study eg urine should be 06 
tamed by sterile catheter 

B Cultures must be protected from contami 
nation not only at the time they are made 
but while they are being examined or sub 
cultured Air currents and dust must be 
particularly avoided 

C. Infections of laboratory workers are not 
infrequent. To avoid these observe the 
following 

1 When a culture is accidently spilled on a 
table or floor it must be immediately dis 
infected by strong antiseptic solutions such 
as phenol formalin or bichloride of mer 
cury Allow the disinfectant to remain in 
contact with the spilled culture for at least 
one half hour before cleaning up the debris 

2 Exercise care in sterilizing platinum nee 
dies and loops to avoid spattering This is 
a common source of accidental infections 

3 Material from living cultures must not be 
blown from pipettes in order to prevent 
contaminating surrounding area 


4 Pipettes used in handling or transferring 
living cultures must be placed immediately 
in disinfecting solutions Capillary pipettes 
that are not to be used again may be 
sterilized by heating to redness (with pre 
cautions against spattering) before being 
discarded 

D Certain bacteria are so dangerous that they 
should not he kept m ordinary hospital 
laboratories These include the organisms 
of bubonic plague glanders brucellosis 
and tularemia 

E Some bacteria require a special type of 
media for growth The order by the clmi 
cian for a bactenologic study of any case 
should therefore indicate the general type 
of infection suspected m order that the 
bacteriologist may select the proper media 
for making cultures Otherwise a wide 
variety of media will hat e to be used and 
both material and time will be wasted 
Smears 

I Purpose of Smears 

A Determination of the morphology of bacteria 
— cocci diplococci bacilli spirilla spiro 
chetes spores capsules flagella etc. 

B Determination of the staining affinity of bac 
teas — garni positive garni (tegs cti e acid fjsc, 
etc 

C. Demonstration of the purity of cultures. 

D Demonstration of bacteria present in ma 
tenal to be cultured as a check on types 
that grow m cultures and for choice of cul 
ture media 

E Diagnosis by direct smear — organisms of Vm 
cent s angina gonococci tubercle bacilli etc 
IT Preparation of Smears 

A Smears of Malcrwl Obtained from Patient 

1 At least 2 smears should be prepared from 
each specimen 

2 The slides must be clean and not scratched 

3 The smears should be made with stenle cot 
ton swabs or with flamed stiff wire loops 

4 The smears must not be so thick that pus cells 
are piled up on each otner 

5 They must not be too rhm or false negative 
results may be reported 

6 The swab should be rolled on the slide and 
should not coter the same area twice. 
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7 Material poor m cells may be first centri- 
fuged and smears prepared of the sediment 

8 Label and date all slides on which smears are 
made 

B Smears of Groicth on Culture Media — see 
identification of bacteria under cultures page 
169 

C. Fixing Smears 

1 Dry m air (smears of urine sediment should 
dry in rhe incubator for 3 hours or ov emight 
at room temperature) 

2 Fix by passing slide quickly through a flame 
2 or 3 times 

3 The slide should only feel warm but not hot 
to the skm when placed on the back of the 
hand 

Slaina 

Refer to Section on Solutions used in Routine 

Tests (p 359) for method of preparing staining 

solutions 

I Crum Stmn 

A /Incker’* Modification 

1 Stain preparation 1 minute w ith crystal violet 
solution 

2 Wash with water 

3 Cover with Grams iodine solution for 1 
minute 

4 Wash with water 

5 Decolorize with 95% alcohol until no more 
color dissolves out 

6 Wash with water 

7 Counterstain with safranm solution for 1 
minute 

8 Wash with water and dry 

9 Dilute carbol fuchsin solution (Ziehl Neclsen 
stain diluted 1 20 with water) may be used 
as a counterstain instead of safranm 

B Cram positive organisms are stained deep 
violet almost black. 

1 Cocci 

Diplococcus pneumoniae 
Gaffkya tetragena 
Sarcina group 
Staphylococcus group 
Streptococcus group 

2 Bacilli 
Bacillus anthracis 
Bacillus subalis 

Clostridium group (see Table 30) 

Cor) nebactenum diphthenae 
Corynebactenum pseudodiphthenticum (C 
hoffmanmi) 

Corynebactenum xerose 

Lactobacillus acidophilus (B Boas Oppler) 

Mycobacterium leprae 


Mycobacterium smcgmatis 
Mycobacterium tuberculosis 

3 Fungi 

Candida albicans 
Mycelium of actmom) ccs 
Saccharomyces 

C. Gram negative organisms are stained red 

1 Cocci 

Neisseria group (sec Table 34) 

2 Bacilli 

Acrobactcr aerogenes 
Borrclia vincentn (S vmcenti) 

Brucella abortus 
Brucella mchtensis 
Brucella suis 
Escherichia coh 

rusobactcrium plaun vincenti (B fusifomus) 

Hemophilus ducrev i 

Hemophilus hemolyticus 

Hemophilus influenzae 

Hemophilus pertussis 

Klebsiella pneumoniae (B friedlanden) 

Moraxclfalacunata (B Morax Axcnfeld) 

Pasteurella pestis 

Pastcurella cularensis 

Proteus group (sec Table 33) 

Pseudomonas aeruginosa (B p)oc)aneus) 
Salmonella group (see Table 33) 

Shtgelh group (see Table 33) 

Vibrio comma (S cholerac) 

II Methylene Blue Stain 

A Method 

1 Cover preparation with Loefflers methylene 
blue solution for I or 2 minutes 

2 Wasli with water and dr) 

B Used mostly for C diphthenae and fungi 
ni Zichl ISeelacn Stain 

A Method 

1 Apply is much carbol fuchsin solution to 
the preparation as will stay on the slide. 

2 Steam (do not boil) over a flame for 5 min 
utes replacing sum as it evaporates 

3 Let the slide cool until a sheen appears on 

the stain , 

4 Wash with water and decolorize with act 
alcohol (3 cc cone HQ in 97 cc of 95/e 
alcohol) until all the pink disappears fro 
the thinner portions of the smear 

5 Wash and counterstain with Loefflers me 
ylenc blue solution for 1 minute 

/ <5 When decolorizing smears made from urm 
sediment or feces use acid alcohol made 
mmc acid (5 cc cone nitric acid in 95 
of 95% alcohol) 
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B, A dd- fast bacilli retain the red stain while all 
other bacteria stain blue. 

IV. Stain for Vincent’s Angina Organisms. 
A. Method . 

!. Stain preparation 1 or 2 seconds with carbol- 
fuchsin solution (stain used in the Ziehl- 
Neelsen method). 

2. Wash with water and dry. 

R. Findings . 

1, Examine for fusiform bacilli and spirochetes. 
Both must be found in considerable numbers 
before giving a positive diagnosis for Vin- 
cent’s angina. 

2. These organisms are anaerobic and do not 
grow on an ordinary throat culture. 

V. Special Stains. 

A. Bailey** Flagella Slain. 

1. Place a large drop of distilled water on a warm 
slide, add a small loopful of organisms from 
an 18-24 hour agar culture, and mix gently 
in order not to detach the flagella. 

2. Immediately tilt the slide so the drop runs 
down the slide malting a thin film; it is im- 
portant the slide dry quickly. 

3. Cover with mordant for 2 minutes. 

4. Pour off mordant and cover with mixture for 
flagella stain for 7 minutes, 

5. Wash with water. 

6 . Cover with Ziehl-Neelsen carbol-fuchsin solu- 
tion and gently steam for 30 seconds. 

7. Wash with water and drain dry by standing 
the slide on filter paper. 

8 . The flagella stain red and are arranged on 
the bacterial body in various positions. 

a. A single flagellum at one pole (Mono- 
tricha). 

b. A tuft of flagella at one pole (Lopho- 
tricha). 

c. Flagella at both ends (Amphitricha). 

d. Flagella completely surrounding the bac- 
terial body (Peritricha). 

9. Mordant. 

a. Mix 3 parts of 5% tannic acid solution 
with 1 part of 10% ferric chloride solu- 
tion. 

b. Keeps indefinitely but must be freshly fil- 
tered before using. 

10. Mixture for Flagella Stain. 

a. Must be made fresh just before using. 

b. Place 7 drops of mordant in a small test 
tube, add 1 drop of Ziehl-Neelsen carbol- 
fuchsin solution and mix. 

c. Add 1 drop of cone. HQ and mix. 

d. Add 1 drop of formalin and mix. 


B. Bailey’s Capsule Stain. 

1. Make a thin smear of the exudate or add a 
small loopful of an 18-24 hour culture to a 
drop of distilled water on a slide. 

2. Air dry; do not heat. 

3. Cover with mordant for 15 seconds. (See 
Bailey’s flagella stain for mordant.) 

4. Wash with water. 

5. Stain with dilute carbol-fuchsin solution for 
10 seconds (1 part Ziehl-Neelsen carbol- 
fuchsin solution to 9 parts of distilled water). 

6. Wash with water and dry. 

7. Capsule stains pink and the bacterial body 
deep red. 

C. India Ink Capsule Stain. 

1. Place 3 drop of 6% glucose solution near one 
end of a perfectly clean slide and add a loopful 
of organisms to make a thin suspension. 

2. Mix a small drop of India ink with the sus- 
pension and with the edge of another slide 
spread the suspension over the slide so as to 
produce a thin even gray smear. 

3. Air dry; do not heat smear. 

4. Stain tor 5 minutes with saframn solution 
and then wash with water. 

5. Allow to dry; do not blot. 

6. If examining exudates, mix ink with exudate 
and then aad a drop of glucose solution and 
spread quickly. 

7. The bacterial body stains red and the capsule 
is colorless against a black background. 

D. Spore Stain. 

1. Place a drop of distilled water on a slide, add 
a small loopful of organisms, mix, and spread 
out in a thin smear. 

2. Cover with Ziehl-Neelsen carbol-fuchsin so- 
lution and steam for 5 minutes. 

3. Decolorize with 95% alcohol for 2 minutes. 

4. Counterstain with Loeffler’s methylene blue 
solution for 1 minute. 

5. The spores appear red and the bacterial bod- 
ies (vegetative forms) blue. 

<5. The spore may be central, subterminal, or 
terminal in the cell. 

E. Tilden’s Stain for Spirochete*. 

1. Place a drop of buffered formalin on a slide, 
add a drop of exudate, and mix gently. 

2. Spread out on the slide to make a thin smear 
and dry. 

3. Stain 2 or 3 minutes with the crystal violet 
stain used in the Gram stain, wash with tap 
water, and dry. 

4. Buffered Formalin. 


Fonmlin I part 

M/1S phosphate buffer (pH 7 A) • 9 parn 

•See Table 79, Page 260. 
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Table 28 Choice of Culture Media tor Difffjifvt Materials 


Source 

of 

Material 

Broth 

Glucose 

Agar 

Slant 

Agar Plate 

Loo filer’* 
Medium 

Special 
Cultures if 
Suspected 

Glucose 

Thiogly 

collate 

Chocolate 

Blood 

EMB ! 

Exudates 
(Wounds 
abscesses 
ulcers etc ) 

+ 

+ 

+ 


+ 



Tularemia 

Tetanus 

Gas Baal! us 
Fungus 

Eye 

+ 


+ 

+ 

n 


+ 

Tularemia 

Ear 

+ 

+ 

+ 


25 



Fungus 

Nose and 
Throat 

+ 

+ 

+ 


mm 


+ 

Pertusss 

Sputum 

+ 

+ 

+ 


mm 

: 


Tuberculosis 

Fungus 

Urine 

+ 

+ 

+ 





Tuberculosis 

Feces 






+ 


Gas Bacillus 
Strcptococa 

Gcmtatia 

+ 

+ 1 


+ 

+ 

+ 


Fungus 

Spinal fluid 

+ 

+ 

+ 


+ 



Meningococcus 

Blood* 

100 cc 
plain 
broth 

+ 

100 cc 
plain 
agar 





Brucella 

Tularemia 

Pneumonia 

Transudates 

+ 

+ 

+ 


+ 




Postmortem 

material 

+ 

+ 

+ 


+ 


s 



•100 cc of tryptose broth 


Cultures 

L General Rules for Making Cultures. 

A. Collection of Specimen. 

1 Material for cultures must be taken ascptical- 
Iv, placed in 3 sterile container, and kept free 
from contamination. 

2 Matcnal to be cultured should not come in 
direct contact with disinfectants. 

3 If anaerobic cultures are to be made, preserve 
anaerobic bacteria by inoculating some of the 
specimen m thioglj collate glucose broth at 
once 

4 All material should be cultured as soon as 
possible after collection from source 

5 All specimens must be labelled and dated 

B Preparation for Culturing. 

1 Close all windows 

2 Sponge table with 5% lysol solution first 
thing in the morning 

3 Media for culture should be chosen in ac- 
cordance with the source of material and the 
organisms expected See Table 28 

4 Liquids arc centrifuged and the sediment cul 
tured- 


5 Thick pus, mucus, etc., must be thinned b) 
adding broth, the amount added depending 
on the amount and thickness of the material. 

6 Swabs with the matcnal to be cultured art 
placed in tubes containing 2 cc. of glucose 
broth 

7 Sate matenal and cultures from which trans- 
fers are made until satisfactory growth is ob- 
tained 

8 If cultures can not be made immediate!) 
place all materials except spinal fluid in the] 
refngerator Spinal fluid must be kept w the 
incubator but should be cultured immedi- 
ately 

C. Media. 

1 Use culture media best suited to the organ 

isms suspected. . 

2 i Warm media to body temperature her or* 

inoculating . 

3 If the patient has been receiving sulfonami 
therapy, the media shoo'd contain J mg 0 
para-amtnobenzoic acid per 100 cc. 

4 If the patient has been receiving peman 
therapy, penicillinase should be added to 
media. 
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a. Penicillinase may be obtained m powder 
form from the Schenley Laboratones, Inc , 
350 Tifth Ave, New York l, N Y 
b Sterilize the cap of the vial with alcohol 
or an antiseptic solution 
c Inject 10 cc of stenle distilled water into 
the vial using a syringe and needle that 
has been boiled or autoclaved (chemical 
agents have a deleterious effect upon 
penicillinase) 

d This working solunon contains 100 units 
of penicillinase per cc and will keep 3 
months in the refrigerator 
e For each 15 cc of medium, broth or melt- 
ed agar cooled to 45 ®G, add 0 I cc (10 
units) of the working solution 
( The working solution may be added to 
a large amount of media and stored in 
the refrigerator 

5 The dehydrated culture media made by Difco 
Laboratories of Detroit and the Baltimore 
Biological Laboratory (BBL) of Baltimore are 
satisfactory and save a great deal of time in 
the laboratory The directions for preparing 
each medium is given on the package so will 
not be repeated here 

6 Blood Agar. 

a Obtain at least 10 cc, of human, horse, 
sheep, or rabbit blood asepacaUy and de- 
fibnnate by placing in a stenle flask con- 
taining glass beads or oxalate and then 
shaking (If glass beads are used, the flask 
must be shaken for 5 minutes ) 
b Melt 100 cc of stenle beef infusion agar 
and cool to 45 °C 

c. Add 5 cc. of the defibnnated blood asep- 
ncally and mix gently 

d Pour aseptically into stenle Petn dishes 
or tubes 

7 Tfaoglycollate glucose broth (Brewer’s an- 
aerobic medium) is obtained from the Bala- 
more Biological Laboratory and made accord- 
ing to directions on the package. 

a. No para-ammobenzoic acid need be added 
to this medium 

b Store at room temperature 

c. It supports growth of both facultanve and 
strict anaerobes 

d. Inoculate with a large amount of matenal 
and rotate gently so that the culture is 
mixed thoroughly 

e. Incubate aerobically 

f Shake culture well before making smears 
or subcultures, as organisms are apt to 
grow m colony formation m the depths 
of the medium. 

g Subculture on two blood agar plates, in 


cubate one anaerobically and the other 
aerobically 

8 Sugar Media {or Identification 

s The following sugars (1 gm to 100 cc. of 
medium) are added to beef extract (not 
infusion) broth containing I cc of An 
drade’s indicator in 100 cc. of medium and 
autoclaved between 10 and 12 lbs pressure 
for 15 minutes 
Glucose 
Mannitol 
Sucrose 
Lactose 

b The following sugars are used in a 5% 
aqueous soluaon which has been passed 
through a Seitz filter while warm and then 
added to autoclaved medium (containing 
an indicator) in the proportion of 1 cc. to 
10 cc of broth 
Inulm 
Dulcitol 
Dextrin 

c. The following sugars are used in a 10% 
aqueous soluaon which has been passed 
through a Seitz filter while warm and then 
added to the autoclaved medium (con 
taming an indicator) in the proportion of 
0 5 cc to 10 cc. of broth. 

Maltose 
Bhamnose 
Raffinose 
Inosite 
Arabmose 1 

Levulose l Will filter when cold 
Xylose j 

d For the study of gas formation, use Dan 
ham s fermentation tubes which consist of 
standard culture tubes with small tubes (8 
by 25 mm ) inverted inside them When 
the medium is autoclaved the inverted 
tube becomes filled with the medium Any 
gas produced m cultures is trapped in the 
inverted tube Sealing of the fermentation 
tubes with paraffin coated corks often in- 
creases the rapidity with which a sugar is 
attacked by bacteria 

e For the identificaaon of streptococci, 
pneumococa, etc, add 0 2 per cent agar 
to the broth (This cannot be used for the 
study of gas formaaon ) 

9 Greenspocm's Modification of hoeffler's Blood 

Serum 

a Mix 1 part of 1% glucose bouillon with 
3 parts of blood serum 

b Add 1 cc, of a 50% sodtam atrate sola 
non to each 100 cc. of the above mixture 
and adjust the reaction to pH 6 4 with a 
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3% citnc acid solution using bromthymol 
blue as an indicator 

c. Autoclave as described under culture me- 
dium for tubercle bacilli (p 179) 
d Gram positive cocci arc inhibited b) this 
medium 

D Inoculating Media. 
t General Considerations 

a A platinum or mchrome wire damped m 
a needle holder is used to inoculate media 

1) One wire should have a loop 2 mm in 
diameter for streaking solid media, an 
other wire a loop 5 mm. in diameter 
for inoculating fluid media, and another 
left straight for making stab cultures 

2) The wire must be heated to redness 
before and after each inoculation. 

3) It must be cooled before placing into 
the material to be cultured 

4) It must be passed in and out of the 
culture tubes without touching the side 

b The mouths of all tubes containing media 
or material to be cultured must be flamed 
after removing cotton plugs and before 
replacing them. 

c. When many bacteria are expected, onl\ 
a small amount of material is used and 
streaked out for isolation, 
d When onl) a few organisms are expected 
a larger quantity of material is used 
e Pieces of tissue for cultunng are placed 
in a stenle mortar containing sterile sand 
and stenle 0 85% Nad soluuon and arc 
ground with a stenle pestle The super- 
natant fluid is used for the inoculation, 
f Label all culture tubes plainlj with the 
patient s name and the date 
1 Inoculating plates 

a Use a 2 mm wire loop which has been 
bent slightly so that the loop may be held 
parallel with the surface of the agar 
b Method I 

1) Streak a loopful of material back and 
forth at the upper edge of the plate. 

2) Flame the loop and cooL 

3) Run the loop through the previously 
streaked area several times and then 
streak the top half of the plate in close- 
ly parallel lines. 

4) Turn plate half way around and streak 
the other half upward by holding the 
inoculating needle up so that only the 
edge of the loop touches the agar 

c. Method II — refer to Fig 20 

1) Streak a loopful of material back and 
forth in close!) placed parallel bnes 
over one half the surface of the me- 
dium m the plate (A) 


2) Flame the loop, turn plate at a light 
angle, and then streak one half of the 
uninoculated surface overlapping the 
original streak not more than 1 an. 
(B) 

3) Flame the loop, turn the plate again 
at a right angle, and streak the remain 
ing surface of the plate overlapping 
a portion of the preceding secuon a‘ 
before (C) 



3 Four Plates 

a. Dilute the material to be cultured in 10 
cc of broth. # 

b Melt 10 cc of agar and cool to 4J*C 

c. Add 01 to 0 5 cc. (depending on the 
number of organisms present) of the mis 
turc and mix by rolling the tube between 
the palms of the hands 

d. Pour into a Pern dish to solidif) 

4 Stab Culture 

a. Use a straight w ire for transferring some 
of the organisms. 

b Plunge the wire straight downward into 
the unslanted agar or into the gelatin. 

5 Shake Culture 

a. Melt 10 cc of agar in a tube and cool to 

45‘C _ 

b Inoculate with one loopfnl of organisms 
and mix by rotating the tube between tn 
palms of the hands. . 

c. Leave at room temperature until sou 
fie d. 

E. Incubation. 

1 Cultures for aerobic organisms growing 
at body temperature are placed m an as 
bator which maintains a uniform tempera 
of 37 °G 
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2 Cultures for anaerobic organisms are placed in 
an anaerobe ]ar and incubated at 37*0 for 48 
hours before opening the jar 
a. A museum jar having a screw damp cover 
and a capacity of 8 pints is used 
b A small, flat metal holder containing about 
5 gm. of calcium carbonate is placed m 
the bottom of the jar 

c Plasticine is placed on the ground edge of 
the glass jar 

d Place cultures in the jar 
e Using forceps, place a piece of yellow 
(phosphorus the size of a grain of nee on 
the calcium carbonate 
f The lid is pressed down onto the plasti 
cine immediately to make the jar airtight 
The hd is held in place by the screw clamp 
g After a few minutes tne phosphorus lg 
nites and bums, in this way the oxygen in 
the jar is exhausted 

1 Cultures to be grown m an atmosphere of 10% 
carbon dioxide are placed m a C0 2 jar and 
incubated at 37 B C 

a A jar similar to the anaerobe jar or a 5 lb 
coffee jar with a screw hd and an opening 
large enough for a Petn dish is used 
b Place a candle on top of the Petn dishes 
so that the C0 2 will be diffused through 
< out the jar as it is heavier than air 
c. Light the candle and screw the top on 
tightly 

d When the candle goes out, the jar will 
contain about 10% C0 2 
4 Cultures for fungi are grown at room and in- 
cubator (37“C) temperatures 
$ Gelatin cultures are best incubated at room 
temperature m order that the type of liquefac- 
tion may be observed, jf incubated at 37®C 
j they must be placed in cold water to see if 
the gelatin will solidify 

F. Examination of Cultures 
t Most cultures are examined after 24 hours, 
a. Anaerobic cultures are examined after 48 
hours 

b Cultures for gonococci are examined after 
24 or 48 hours, depending on the medium 
used 

2 Make smears and subcultures from any 
growth reincubatc the original cultures for 
at least 48 hours longer, and examine ever}’' 
24 hours 

3 broth Cultures 

a. Report amount of growth (cloudiness) 
in pluses (1-4) 

b Record whether growth is homogeneous, 
granular, floccnlent, mncoid, or u pellicle 
on surface or precipitate on bottom. 


c. Make a smear and subculture on solid 
media 

4 Solid Media 

a With a wax penal draw a circle on the 
underside of the Pern dish around one 
isolated colony of each type and label 
the circle with a number 

b Record the characteristics of each type of 
colony dry, moist, mucoid, rough, 
smooth, wnnUed, translucent, opaque, flat, 
elevated, shape of edges, spreading, and 
color 

c Make a smear and subculture of each type 
of colony 

d Use Table 29 as an aid in identification 
of colonies 

G Identification of Bacteria. 

1 Morphology 

a. Have a stock supply of new glass slides 
with control smears on one end (Fig 21) 

1) Place a loopful of a broth culture of 
staphylococci (or a saline suspension 
of growth from an agar slant) on the 
upper half of the left hand end of the 
slide. 

2) Place a hopful of a broth culture of 
E. coh on the lower half of the same 
end 


©o 

1 

2 

3 

4 

5 

6 

7 

0 

9 

10 


Fro 21 Microscopic Slide (3x 1 men) Marked fos 
Smears and Showing Gram positive and 
Gram negative Coxtxols. 

b Mark side m small sections with a wax 
penal for smears of unknown cultures 
(Fig 21) 

1) Place a loopful of a broth culture in 
a square 

2) For smears of colomes on solid media 
first place a loopful of distilled water 
in a square, add a loopful of organisms 
from the colony, and then mix. 

c Lee the smears dry in air, fir, and stain by 
Gram's method 

d Examine with the ofi immersion lens of the 
microscope for morphology of the bacteria 
present (see Table 29) 

2 Motility 

a Place a drop of a 24 hour broth culture 
on a cover glass lying on a horizontal 
surface. 
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Table 29 Appearance of Organisms on Blood Agar and Morphology on a Smear 


Gram-positive Cocci 



Type of Colony 

Morphology on Smear 

Staphylococci 

Large white lemon or orange colored 
opaque hemolytic or nonhemolytic 

Cocci in clusters 

Beta 

Streptococci 

Small whte rather opaque often quite har 1 
with a clear rone of hemolysis 

Small ro ind cocci with adjacent sides e! gbtly 
flattened occurring in pairs groups and very 
short chains 

Alpha 

Streptococci 

Small raised convex and opaque surround 
e<l by a narrow zone of green hemotysis 1 

Vary m size are elongated cocci often pleo- 
morphic occurring in chains 

Gamma 

Streptococci 

Small gray and translucent 

No hemolysis or slight green discoloration 

Occur in pairs chains and small groups, 
frequently elongated coed 

D pneumonia 

Small flat shiny usually transparent with 
heaped up center with green zone surround 
ing colony Type III colonies arc very Large 
green raised mucoid and confluent 

Lancet shaped occur in pairs sometime* 
short chains capsules usually demonstrabe 

G tetragena 

Glistening circular smooth edges viscid 

Grouped in tetrads encapsulated 

Sarci n a 

Yellow circular raised moist and glisten ng 

Grouped in packets of 8 or more cells 


(it am Tie game Cocci 


N meningitid $ 

Fairly large gray rather mucoid and non 

Cocci occurring in pairs with adjacent sides 


hemolytic 

flattened frequently appear as decolorized 
staphylococci 

N catarrh ahs 

Small gray rough nonhemolytic often 

Large cocci in pain 


quite hard 


(iram-positne IS a all t 


Diphtheroids 

Small gray rather opaque hard non 
hemolytic with a slightly rough surface 

Short, thick, evenly stained in palisades and 
Chinese letter formation 

C d phthenae ^ 

Small gray opaque usually with a narrow- 
zone of dear hemolysis 

Slender vary in length, irregular gaining 
Very pleomorphic granular barred and ciu 
shaped Arranged parallel to each other oral 
sharp angles to form a V or Y 

B subtilis ✓ 

Large dull, rough hemolytic with Irregular 
: edges 

Large straight rods w chains easly de- 
colorized - 


Gram negame Bacilli 


H hemolyticua 

Soft pearly and translucent with large zone 
of clear hemolysis 

Vary from short rods to long slender pleo- 
morphic twisted filaments 

H influenzae *•* 

Small colorless dew-drop, nonhemolytic '■ 
grow out in 1 or 2 days ( 

Very short, slender cocco-bacillary form*- 

Colon Typhoid ' 

Paratypho d and „ 
Dysentery Group 

Fairly Urge gray translucent producing 
dear or green hemolysis may occasionally be 
nonhemnlyt c 

Short plump rods 

Proteus 

Thin shiny gray film covering the entire 
surface usually caus ng bemolys s 

Vary from rods to tong thread like filaments 

Ps aeruginosa 
(B pyocyaaeus) 

Large greenish gray, extremely irregular in 
shape and presents a stippled appearance 

Similar to Proteus. 

K pneumoniae 
{FnedlRnder s) 

Large gray, very soft mucoid heaped up 
nonhemolytic marked tendency to become 
confluent. 

Very short and fat rods almost coccoid en 
capsulated. 
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b. Place a small amount of vaseline on each 
side of the cavity of a hanging drop slide. 

c. Turn slide over and press the vaseline 
down on the edge of the cover glass so 
that the drop of fluid is in the center of 
the cavity. 

d. Turn slide over carefully so that the cover 
glass is right side up. 

e. Examine with the high dry objective of 
the microscope. 

f. Distinguish between true motility and 
Brownian movement. 

g. Difco Laboratories have a medium to de- 
tect motility; however, one must have 
experience in observing the growth spread- 
ing from the stab inoculation. 

H. Subcultures. 

I. Identification of organisms — pure subcultures 
must be used for the inoculation of sugar 
media. 

2. Staphylococci. 

a. Inoculate a Loeffl er’s serum slant for pig- 
ment production (report amount): white 
(albus), lemon (citreus), orange (aureus). 

b. Streak a blood agar plate for hemolysis. 

c. Make a gelatin stab culture and incubate 
at room temperature. 

d. Inoculate a tube of mannitol broth for 
fermentation. 

e. Inoculate plain broth for a coagulase test 
(P- 185). 

f. If the organism is hemolytic and produces 
pigment, is coagulase positive, ferments 
mannitol, and liquefies gelatin, it is highly 
probable that it is a toxin producing 
organism. 

3. Streptococci. 

a. Inoculare ehicose broth for chain forma- 
tion. 

b. If in doubt whether alpha or beta or gam- 
ma types, make pour plates. 

1) Inoculate a tube of broth with one 
loopful of culture and mix. 

2) Melt 10 cc, of infusion agar, cool to 
4S°C-, add 0.5 cc. of sterile defibrinated 
blood and 0.5 cc. of the inoculated 
broth. 

3) Mix by rolling the tube between the 
palms of the hands. 

4) Pour into a Petri dish to solidify. 

5) Incubate for 48 hours then place in 
the refrigerator overnight. 

A beta type of colony is surrounded by 
a zone of complete hemolysis; no cells 
can be seen within this zone when 
viewed with the low power of the 
microscope. 


7) An alpha type of colony is surrounded 
by a green discoloration; under low 
power of the microscope it appears as 
a zone of incomplete hemolysis. 

8) A gamma type of colony produces no 
change in the surrounding medium. 

4. Pneumococci — due to their similarity to alpha 
streptococci, a bile solubility test is "necessary 
for differentiation. See page 184. 

5. Gram-negative bacilli — inoculate an E.M.B 
plate. 

D. Isolation of Organisms from a 
Mixed Culture. 

A. Sodium Aside Method. 

1. Sodium azide (NaNj) medium inhibits the 
growth of both Proteus and other gram- 
negative organisms. 

2. Add 2 cc. of a I % aqueous solution of sodium 
azide to 100 cc. of agar medium before auto- 
claving. 

3. When blood is added to the agar, it becomes 
dark due to hemolysis of the erythrocytes, 
but this does not interfere with the isolation 
of beta and alpha streptococci. 

y a. Beta hemolysis appears as a marked green- 
ish discoloration. 

b. Alpha hemolysis is indicated by a brown- 
ish zone around the colony. 

B. Sodium Bicarbonate Method. 

1. Sodium bicarbonate (NaHCCL) inhibit the 
growth of gram-negative organisms./^ 

2. Add an equal amount of a sterile 10% aqueous 
solution of sodium bicarbonate to a 24 hour 
broth culture and mix by rotating between the 
palms of the hands. 

3. Incubate for 5 hours and then subculture on a 
blood agar plate. 

C. Alcohol Method. 

1. Alcohol inhibits the spreading of Proteus. 

2. Add 5 cc. of 95% alcohol to 100 cc. of blood 
agar just before pouring into Petri dishes. 

D. Penicillin Method. 

1. Penicillin inhibits the growth of most gram- 
positive organisms, see Table 37. 

2. Add 1 cc. of penicillin solution (1000 units 

E :r cc.) to 10 cc. of broth just before inocu- 
ting with the mixed culture. 

3. Incubate 15 to 18 hours and subculture on a 
blood agar plate. 

HI. Culture of Exudate from Wounds. 

A. Routine Cultures. 

1. If pus is thick, thin it by adding a small 
amount of broth. 

2. If material is taken on a swab, place it In 
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2 cc of glucose broth 

3 Twirl the swab 3nd press it against the side 
of the tube when removing, to completely 
wash out the exudate 

4 Inoculate the following media from the broth 
a A blood agar plate, a glucose agar slant, 

and a tube of thiogly collate glucose broth 
to be incubated aerobically 
b A blood plate and a tube of glucose broth 
to be incubated m 10% C0 2 

5 Keep the original broth in the refrigerator 
until satisfactory growth is obtained on sub- 
cultures 

B Cultures for Cl. perfrlngcns or Cl. tctanL 

1 Heat tubes of sterile milk in boiling water 
for 30 minutes, cool to 37 “G, and then inocu- 
late 

2 Place in an anaerobe jar 

3 The tubes are not heated after inoculation 
because the organisms are found in the vege- 
tative state m wounds 

4 See Table 30 for differentiation of Clostridia 

C. Cultures for Fungus— see Section on Mycol- 
ogy. P a g c 204 

D. Culture* for P. tularensls— see blood cul 
ture for P tularensis, page 178 

E Organisms Most Likely to be Isolated from 
Woundt 
Streptococci 
Anaerobic streptococci 
Staphylococci 
Clostridium perfnngens 
Diphtheroids 
Proteus 

Eschenchia coli 
Bacillus subuhs 
Pseudomonas aeruginosa 

IV. Culture of Pus from Eyes. 

A. Routine Cultures. 

1 Place swab in a tube containing 1 cc of 
Proteose peptone No 3 broth 

2 From the broth inoculate a glucose agar slant, 
LocQlers serum slant, blood agar plate, a 
chocolate agar plate, and a tube of glucose 
broth. 

3 Incubate the blood agar plate and chocolate 
agar plate in 10% C0 2 , all others aerobically 

B Organisms Most Likely to be Isolated. 

Staphylococci 
Diphtheroids 
Diplococcus pneumoniae 
Streptococci 
Hemophilus influenzae 


Moraxella lacuna ta (Morax-Axenfeld bacil- 
lus) — produces a crater like digestion of Loef 
fler’s blood serum 
Neisseria gonorrhoeae 

V. Ear, Mastoid, and Sinus Cultures 

A. Routine Cultures. 

1 Place swab in a tube containing 2 cc. glucose 
broth 

2 Trom the broth inoculate 2 blood agar plates, 
one glucose agar slant, one tube of glucose 
broth, and one tube of thioglycollate glucose 
broth 

3 Incubate one blood agar plate and the gla 
cose broth in 10% C0 2 , incubate the ctnerv 
aerobically 

B Cidtures for Fungus 

1 Inoculate material from ear onto two Sabots 
raud s agar slants 

2 Incubate one at room temperature 3nd one at 
37‘C. 

3 See Section on Mycology for description of 
Fungi on page 204 

C. Organisms Most Likely to be Isolated 
Streptococci 
Diplococcus pneumoniae 
Proteus 

Hemophilus influenzae 
Staphylococci 
Diphtheroids 
Klebsiella pneumoniae 
Cory nebactcnum diphthenac 
Aspergillus 
Bacillus subulis 
Coliform group 

VI Throat and INnsoplinryngeal Culture** 

A. Nasopharyngeal Sieabs. 

1 Swabs are prepared by tightly wrapping * 
small piece of cotton about the end or a piece 
of flexible copper wire (trolling wire) sir ana 
a half inches in length 

2 Place snab m a py rex test tube (5x3/8 in.}, 

plug with cotton, and sterilize in the auto- 
clave. . 

3 To obtain material for a culture, pass the swab 
back through the nares (only one side neces- 
sary) unuf it touches the posterior naso- 
pharyngeal wall 

4 For the detecuon of meningococcus earners 
these swabs are streaked on blood agar plat« 
and incubated in 10% C0 2 

5 For detecting whooping cough, see culture 
for H pertussis on page 175 
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Table 30 Diffesentutioh of Clostridia 
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A*" acid G-gas C -coagulation D -digestion i 

B —blacken ng 

•Litmus milk in deep tubes containing a 50 by 7 mm piece of No 26 gauge black stove pipe iron 


B Culture for C. dtphihenae 

1 Rub a sterile swab over the lesion (throat or 
nasopharynx) 

2 Streak the swab over Loefilers blood serum 
and incubate for 12 to 18 hours at 37°C. 
a Mix the entire growth on the surface of 

the slant with an inoculating needle 
b Add a loopful to a drop of water on a 
slide smear, and allow to dty 
c. Fix smear and stain with methylene blue 
solution 

3 Also streak a tellurite (Difco) plate and m 
cubate at 37 °C for 24 hours 
a Make smears from different colonies, fix, 

and stain with methylene blue solution 
b If no diphtheria organisms are found, in- 
cubate plate for another 24 hours, and 
re-examine 

4 See Table 29 for morphology of organism 

5 Telinnte medium should always be used in 
examining convalescents and contacts, while 
LoefSer’s medium may give a quicker diag- 5 
nosis in acute cases. 


6 A Wood agar plate should also be streaked 
when making a culture for diphtheria in order 
to rule out a streptococcus infection. 

7 It is sometimes very difficult to distinguish 
virulent diphtheria baalh from diphtheroid 
organisms by morphology and a virulence test 
should be made with any suspicious organ 
isms, see page 201 

C. Culture for Streptococci. 

1 Place the swab which has been rubbed over 
the throat immediately in a tube containing 
2 cc. of glucose broth and twirl to obtain ah 
the material in suspension. 

2 Streak a blood agar plate with one loopful of 
the suspension. 

3 Inoculate a tube of chioglycollate glucose 
broth. 

4 Incubate the blood plate in 10% C0 2 and the 
thioglycollate broth aerobically, examine in 
24 hours for streptococci or predominating 
organisms 

Stained smears must be made of hemolytic 
colonies to be certain they are streptococci. 























Table 31 Dipfeth* nation op Streptococci {Sherman, Bact Rev ) 
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6 Reincubate for 24 hours and examine for mi 
nute beta hemolytic streptococci (Lancefield 
group F) 

7 Refrigerate for 24 hours and examine for dou 
bie zones of hemolysis produced by Lance 
field s group B 

8 For differentiation see Table 31 

D Culture for H- perltiuu, 

1 Pern dishes containing glycenn potato agar 
with 50% blood (Bordet Gengou medium) 
are necessary 


c The area of hemolysis is indistinct. 

9 H pertussis is a gram negam e, coccoid ba 
cillus (less than 1 micron m length), stains 
faintly, occurs singly and in pairs, occasion 
ally in short chains 

10 Slide Agglutination Test 

a. Suspend the suspected colonies in a drop 
of 0 85% NaCl solution on one end of 
the slide __ 

b On the opposite end of the slide mix 


Table 32 Distinguishing Characteristics of H pertussis, B para 

PERTUSSIS, AND Br. BRON CHISEPTICA 


Characteristic 

H pertussis 

B parapertussis 

Br bronchiseptica 


_ 

+ 



— 

+ 



— 


+ 



- 



2 Hold an uncovered plate 4 or 5 inches in 
front of the patients mouth during several 
expulsive coughs Cover plate as soon as 
possible More positive plates will be ob 
tamed if 4 or 5 drops of penicillin solution 
(1000 units per cc ) are spread over one half 
of the plate just before exposure, the other 
haff of the plate is kept as a control 

3 If unable to get patient to cough, one may 
streak a plate with thick, tenacious strands 
of fresh sputum after they are washed m 
three changes of sterile 0 85% NaCl solution 

4 The best material for culrure is obtained 
from the nasophamyx, if in the process of 
passing a nasopharyngeal swab a cough is 
induced, the chances of a positive culture 
are increased 

a Place a loopful of penicillin solution 
(1000 units per cc ) on the medium at 
the edge of the plate 

b Pass the swab back and forth several 
times through the drop of penicillin and 
then streak the plate with an inoculating 
loop 

5 Incubate m a 37 ®C. incubator for 4 to 5 days. 

6 Examine the plate several times dunng the 
first 48 hours to detect molds and other 
spreading colonies which might overgrow 
the plate 

7 Remove the agar supporting such spreaders 
with a stenle needle or scalpel 

8 After 48 hours examine plates twice daily 
for colonies of H pertussis 

a Colonies are not over 1 mm in diameter 
b They are smooth raised, glistening, 
pearly, almost transparent. 


several loopfuls of this suspension with 
several loopfuls of H pertussis antiserum 
diluted one tenth the titer of the serum 
c If the organism is H pertussis there will 
be almost immediate agglutination with 
the serum, while the control without 
serum remains uniform with no dump- 
tag 

1 1 The Bacillus parapertussis and Brucella bron 
chisepnca are sometimes encountered, they 
are morphologically indistinguishable from 
H pertussis and have similar colonies except 
they develop more rapidly and grow to a 
larger size Cross agglutination may occur 
in a relatively high titer For differentiation 
of these organisms see Table 32 

VII Sputum Culture. 

A. Collection of Sputum. 

1 Instruct patient to wash mouth with an 
antiseptic. 

2 Hat e him cough up sputum from the lungs 
into a stenle Petn dish and bnng at once 
to the laboratory 

B Isolating Orgamtmg 

1 Make 2 smears stain one by Gram’s method 

and the other by Ziehl Neelsen method 
for tubercle bacilli , 

2 Examine and record the orgahisms found 

3 Add an equal volume of stenle 0 85% NaCl 
solution to the sputum 

4 Wash it by drawing it back and forrh in 
the saline by means of a srente JO cc syringe 
without a needle 
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5 Inoculate a loopful of suspended sputum 
into each of the following media 

a. Streal two blood agar plates incubate 
one aerobically and one anaerobically 

* b Inoculate a tube of glucose agar tryp- 
tose broth and thioglycollate glucose 
broth incubate aerobically 

6 After 24 hours incubation all blood agar 
plates and the glucose agar slant are examined 
lor different t) pcs of colonies. 

a. Great care must be taken to pick all 
types of colonies for smears and sub- 
cultures 

b If pure cultures arc needed for further 
identification or for a vaccine, streak 
typical colonies of the various organ 
isms on blood agar plates 

7 Make smears of all broth cultures and also 
streak a loopful of the broth cultures on 
blood agar plates for further identification 
of the organisms 

8 All subcultures are incubated as the original 
cultures and one subculture of the thiogl) 
collate glucose broth is incubated anaerobi 
cally 

9 When aU the aerobic and anaerobic organ 
isms have been identified and obtained in 
pure culture, save until certain that a vac 
cine is not wanted 

10 If a vaccine is ordered pick typical smooth 
colonies one for each type of organism 
and subculture on suitable media for aerobes 
and anaerobes. 

11 Make a vaccine from each organism as de 
scribed under autogenous vaccine (p 197) 

12 Organisms Most Likely to be Isolated 
Streptococci 

Diplococcus pneumoniae 
Hemophilus nemolyticus 
Staphylococci 
Neisseria catarihalis 
Diphtheroids 
Hemophilus influenzae 
Klebsiella pneumoniae 

vm Blood Culture, 

A, General Considerations 

1 The bacteriologist must be informed of the 
following when a blood culture is ordered 
a The nature of the suspected infection so 
that proper media can be used 
b The time when the patient s temperature 
is rising so that the blood can be drawn 
at that tune. 

c. If the ptient is receiving sulfonamide ther- 
apy the culture media used must contain 
5 mg of para-aminobenzoic acid per 100 
cc. 


d If the patient is receiving penicillin thtr 
apy penicillinase must be added to die 
media, see page 166 

2. Blood should not be drawn for a blood cn! 
ture within 8 hours after an intravenous in 
lection of any kind, if the injection was fo! 
lowed by a chill or thermal reaction, it should 
not be drawn witlun 20 hours after the in 
) ecu on. 

3 Blood culture tray should include the fo! 
lowing 

a. Tincture of iodine. 
b Tincture of green soap 
c. Alcohol — 70 /o _ 

d Sterile gauze sponges. 
e Two sterile swabs. *■'* 
f Sterile toweL «*'■'' 
g Sterile 20 cc. syringe 
h Stcnie 21 gauge needle 
i Culture media. *-*• 
t Stenle Petn dishes 
k. Alcohol lamp 
1 Matches / 

4 It is preferable to add the blood direct!* to the 
media at the bedside, but it may be placed a 
a small stenle flask containing 5 cc. of a 2% 
sodium citrate solution and the cultures mace 


in the laboratory 
The mouths of all flasks must be flamed aftw 


removing cotton plugs and before replacing 
them. 

Blood cultures should be incubated until 
growth appears or for 4 weeks. 

Organisms Most Likely to be Isolated 

Diplococcus pneumoniae 

Streptococci 

Staphylococci 

Salmonella typhosi 

Coliform group 

Nernena gonorthoeae 

Ncisseru meningitidis 

Brucella group 

Pasteurella tularensis 


B. Routine 

I Close all windows and transoms in patient a 
room before preparing patients arm. 


Look at both arms to see which has the 


best vein for bleeding , 

Place stenle tow el on bed under forearm an 


elbow 

Prepare the arm at the elbow as follows* 
a. Wash with tincture of green soap 
b Remove the soap with a stenle sponge 
c Apply tincture of iodine over a 
nent vein with a stenle swab and 
for 1 minute before removing 
d. With another sterile swab remove 


th« 
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excess of iodine -with 70% alcohol, ap- 
plying the swab first to the area to be 3 
punctured and not touching the area 
again D 

5 With asepnc precautions withdraw 15 cc j 
of blood from the vein in a sterile 20 cc 
syringe 

6 The following procedures must be earned 
out quickly at tne bedside before the blood 
coagulates and with strict asepsis 

y/a Place J cc of blood in one flask contain- 
ing 100 cc of plain broth, S cc in a 
flask containing 100 cc of tryptose broth ^ 
and 2 cc in a tube containing 25 cc 
of thioglycollate glucose broth, all of 
which have been warmed to bod) tem 
perature 

y b Place 3 cc. of blood m a flask contain- 
ing 50 cc of pbin agar to which 10 cc. 
of plain broth had been added before 
it was melted and cooled to 45°C 
c Afake 3 blood agar plates by pounng 
this mixture into 3 sterile Petri dishes 

7 Incubate 2 blood plates and the tryptose 
broth in 10% COj and all others under 
aerobic conditions 

8 If growth appears, make smears and stam 
by Gram’s method 

9 It there is no cloudiness in the broths in 
3 days, shake well and subculture on blood 
agar plates as follows 

a One plate from tryptose broth and in 
cubate in 10% C0 2 

b One plate from plain broth and incubate 
aerobically 

c Two plates from thioglycollate glucose 
broth, incubate one aerobically and one 
anaerobically 

!0 Make new subcultures of the broths at the 
end of the first week and then at week!) 
intervals for 3 more weeks, unless growth 
is obtained earlier 

El Subculture surface colonies from blood agar 
plates into broth This broth culture (if 
pure) may be used for the mocuhaon of 
sugar media for further identification 

E2 If deep colonies appear, cut them out, place 
in a tube of broth, and break up the colony 
with an inoculating loop 

13 Incubate broth cultures for 4 weeks and 
blood plates for 2 weeks if no growth ap- 
pears 

C. For D, pneumoniae. 

1 Use the same method as for routine blood 
culture except use glucose broth instead of 
plain broth. 

t Watch carefully for growth from 12 to 24 
horns after taking the culture as pneumococa 


autolyze quickly and are easily lost. 
Subculture the inoculated glucose broth rou 
tinely on a blood agar plate after 18 hours 
For N. gonorrltocae or meningitidis. 

Use same method as for routine blood cul 
ture except use glucose infusion agar and 
glucose infusion broth instead of plain agar 
ard plain broth 

2 The media should be inoculated at the bed 
side 

3 Incubate all cultures m 10% CO 2 and ex- 
amine after 2 days 

4 If there is no growth, remcubite for an 
additional 7 days, examining every 2 days 

5 Examination or cultures should consist of 
making gram stained smears and subcultunng 
one loopful of the well shaken broth cultures 
onto freshly prepared chocolate agar plates 
which are incubated in 10% C0 2 for 48 hours 

E. For Brucella . 

1 Obtain blood as for a routine blood culture 
and place 5 cc. in 75 cc of trypticase soy 
broth which has had 4 cc of a sterile 20% 
sodium citrate solution added to it. Incubate 
m 10% C0 2 

2 Subculture OS cc. of the above broth well 
shaken onto a trypticase soy agar plate after 
4 days and continue to subculture every 2 
days for 1 month. 

3 Castaneda’s medium is excellent for routine 
use in blood cultures to detect Brucella 


a Formula 

Trypticase soy agar 2.0 gm 

Sodium chlonde OJ gm. 

Sodium citrate 0.5 gm 

Agar JjOgm. 

DisnUed water 100.0 cc 


b Place 1 J cc. in 100 cc., flat-sided, rectangu- 
lar bottles or m 4 oz prescription bottles 
that have one flat side 

c. Plug the mouth of the bottle (about I l A 
cm in diameter) with cotton, cover with 
thick paper, and sterilize at 15 lbs pressure 
for 15 minutes. 

d Place the bottles on their flat stde for 
several days so that the agar sets on the 
wall forming a hard, even, transparent 
layer 

e Add 10 cc of broth with aseptic precau 
tions This broth is sterilized separately at 
15 lbs pressure for 15 minutes and con 
tains 2% trypticase soy broth and 2% 
sodmm aerate 

f Close the bottles with sterile rubber vac- 
cine stoppers, inject enough C0 2 to give 
a 10% mixture, and again cover with the 
same paper cap 

g Test for sterility by placing In the 37 °G 
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incubator in a vertical position for 3 of 4 
days, wetting the agar surface with broth 
at 24 hour intervals. 

h. Inoculate with 10 cc. of blood, allow the 
mixture of blood and broth to spread over 
the agar for a moment, and then incubate 
in a vertical position at 37 °G 

i. Every other day tip the bottle so that the 
broth flows over the agar layer, then re- 
place in the incubator in a vertical position, 

j. Results: 

1) Colonies appearing on the agar from 
24 to 48 hours are apt to be due to 
contamination. 

2) Colonies appearing 24 to 48 hours after 
the second inoculation are usually 
Salmonella, Staphylococcus, or Strep- 
tococcus, but may be Brucella. 

3) Positive cultures of Brucella most fre- 



fore discarding. 


For P. tularcnsit. 

1. in 10 cc. of blood (not citrated) as de- 
scribed under routine blood culture. 

2. Place 0.5 to 1 cc. on each of 6 or 7 glucose- 
cystine blood agar slams and one plain in- 
fusion agar slant which serves as a controL 
The cystine blood ag3r slants should be pre- 
viously placed in the 37°C. incubator for 24 
hours to evaporate any warer of condensa- 
tion. 

3. Incubate aerobically. 

4. Growth will appear only on the cystine media 
if it is P. tularensis. 

5. Incubate for 3 weeks before reporting nega- 
tive. 

G. For Cl. perfringens (Gns Bacillus). 

1. Inoculate one or more loopfuls of blood from 
the heart at autopsy into tubes of milk which 
have been kept m boiling water for 30 min- 
utes and cooled to room temperature. 

2. Incubate at 37 “G in an anaerobe jar for 24 
to 48 hours. 

J. Do not heat these inoculated tubes at 80°G 
as in a culture of feces because the organ- 
isms exist only in the vegetative state in the 
blood. 

IX. Urine Cnltnre. 

A. General Considerations. 

1. The urine must be a catheterized specimen 
and kept free from contamination. 

2. Centrifuge entire specimen in 50 cc. centri- 
fuge tubes at a high rate of speed for 30 
minutes and pour off the supernatant urine. 

3. If a culture for tubercle bacilli is wanted. 


centrifuge for 45 minutes and see direction! 
for that culture. 

4. Make cultures as described below and thtr 
make 2 smears of the sediment. 

a. Place a cover glass on one smear and ex- 

amine while wet. Report findings as in * 
routine urine examination (see Table 1, 
P- 3). . , 

b. Let the other smear dry and stain for 

tubercle liacilli. S 

B. Roittine Culture. 

1. Inoculate a glucose agar slant and a tube oi 
thioglycollate glucose broth each with one 
loopful of the sediment. 

2. Streak a blood agar plate and an EJII& plate 
each with one loopful of the sediment 

3. Incubate all cultures for 24 hours or longer 
if no growth appears. 

4. Make smears of the broth culture and agar 
slant if there is growth. Make subcultures on 
2 blood agar plates from the thioglycolkte 
broth; incubate one aerobically and one an- 
aerobically. 

5. Pick colonies from the plates, make smears, 
and stain by Gram’s method. 

6. Subculture colonies for further identification 

7. Organisms Most Likely to be Isolated. 
Escherichia coli 

Staphylococci 

Streptococci 

Proteus 

Aerobacter aerogenes 
Diphtheroids 
Bacillus subtilis 
Pseudomonas aeruginosa 
Shigella group 

Salmonella — usually enteritidis or typhosa 
Paracolobactmm group 
G Culture for Tubercle Bacilli. 

{j Centrifuge the entire specimen in sterile 
cc. centrifuge tubes at a high rate of sper 
for 45 minutes. (If specimen is small andapj 
pears concentrated, dilute with sterile distil 
water to a pale straw color to lower 
specific gravity of the urine.) _ 

2. Remove the upper 1 cc. layer with a stem 

pipette, decant the remainder of the snp«' 
natant fluid, and add the urine in the pipers 
to the sediment. . . . 

3. Make a smear of the sediment and stain wn* 

Loeffler’s methylene blue solution to see 
any other bacteria are present. . 

4. If no organisms are found, proceed as lotio 

a. Make a smear and stain for tubercle 

dllL . , 

b. Inoculate each of 3 tubes of special 
dium (Saenz’s modification of Petra gsuni 
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medium) with 0.25 cc. of sediment. 

c. Incubate at 37 “C. with the tubes lying 
almost flat to keep the medium moist. 

d. Examine once a week for growth; incu- 
bate for 3 months if no growth appears 
earlier. 

*. If organisms are present in the smear stained 
with methylene blue, one must use the follow- 
ing method: 

a. Add 2 cc. of a 5% oxalic add solution and 
mix. 

b. Incubate at 37" G for 30 minutes. 

c. Fill the tube with sterile 0 85% NaQ solu- 
tion and centrifuge at a high rate of speed 
for 30 minutes. 

d. Pour off the supernatant fluid and pro- 
ceed as above. 

e. Colonies of the tuberde bacilli appear as 
a cream-colored, dry, granular growth. 
In order to know if the organism is a. 
pathogenic add-fast bacilli it must be in- 
jected into a guinea pig. 

6. Culture Medium for Tubercle Bacilli (Saenz’s 
modification of Petragnini’s). 

a. Place 188 gm. of fresh milk in a 300 cc. 
Florence flask. 

b. In a liter Erlenmeyer flask containing 
75 gm. of glass balls, place 12 gm. of po- 
tato flour and 1.3 gm. of asparagine. 

c. Autoclave both flasks and contents at 15 
ibs. pressure for 20 minutes. 

d. Let milk cool and then add to the con- 
tents in the Erlenmeyer flask with contin- 
ual shaking. 

e. Place in a cold water bath; heat to boiling, 
shaking the flask every few minutes to 
avoid clumping Heat until mixture has 
the consistency of puree. 

f. Cool to 60‘C. and add 6 whole eggs and 
2 yolks asepticaliy. 

1) Wash eggs with soap and water, dry, 
and bum with alcohol. 

2) Flame one end of the egg, crack the 
shell with sterile forceps, and pour the 
contents into the flask. 

g. Agitate vigorously and then filter through 
sterile gauze into a sterile liter flask. 

h. Add IS cc. of sterile glycerin and 12 cc. 
of 2% malachite green. 

i. Shake thoroughly and distribute 6 cc. into 
stenle, chemically clean tubes with bake- 
Ute screw caps. 

J. Screw the caps on loosely and lay tubes 
at the appropriate slant in a container 
which has a right lid and a layer of sand 
- in the bottom. 

k. Cover tubes with sand and place the lid 
of the container on right. 


l. Place in the autoclave and close both the 
door and the air outlet valve. 

m. Turn the steam on and allow the pressure 
to reach 15 lbs. very slowly to avoid bub- 
bles in the medium. 

n. Maintain this pressure for 10 minutes let- 
ring no air or steam escape. 

o. Open the air outlet valve so slightly that 
the pressure will not vary more than one- 
half pound thus allowing the condensed 
water and some of the air to escape. 

p. Close the valve and sterilize at 15 lbs 
pressure for 20 minutes. 

q Tighten the caps on the tubes before stor- 
ing the medium in the refrigerator. 

X. Feces Culture. 

A. Organisms Most Likely to be Isolated . 
Coliform group 

Salmonella group 
Shigella group 
Pseudomonas aeruginosa 
Proteus 

Alpha Streptococcus fecalis 
Clostridium perfringens 

B. Culture for Shigella Group (Dysentcriae) 
and Salmonella Group (Typhosa and 
Paratyphi). 

1. The specimen must be collected in a clean 
container, or better, a sterile one , or by rec- 
tal swab and cultures made as soon as pos- 
sible. 

2. If any blood tinged mucus is present, wash 
in sterile 0.85% NaQ solution and streak 
directly on E.M.B. and SS plates. 

3. If specimen is solid, emulsify with a small 
amount of sterile 0.85% NaCl solution in a 
test tube. It should represent a generous 
amount of the whole specimen and not mere- 
ly a loopful. 

4. With a single loopful of the emulsion, streak 
2 well-hardened plates of E.M.B. medium. 
Do not add any more fecal emulsion to the 
loop or sterilize it between plates, 

5. Streak an SS plate with 5 foopfuls of the 
emulsion. 

6. Emulsify 3-5 gm. of undiluted feces in 12 cc. 
of peprone-retrathionate broth to which 0.28 
cc. ox iodine solution has been added immedi- 
ately preceding its use. 

a. The Difco broth and iodine solution are 
prepared as directed on the package, but 
do not add the iodine solution at this time 

b. Keep the iodine solution separate and add 
to broth just before using. 

7. One may emulsify 1 gm. of undiluted feces 
in a tube of Selemte-F medium (BBL) in- 
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stead of tetrathionate broth or along with it. 
The Selenite T medium is better for the iso- 
lation of the Salmonella group while the 
tetrathionate broth is better for Shigella 

8 Incubate all cultures for 18 to 24 hours at 
37°G 

9 Inoculate an SS plate with several loopfuls 
of the tetrathionate or Sclcmte-F broth cul- 
ture and incubate for 24 hours 

[0 Examine the original EJMD and SS plates 
for suspicious colonics 
a On E.MJJ plates the Escherichia (coll) 

S produces pink colonics with a 
ic sheen Salmonella (typhosa and 
paratyphi) Shigella (dyscntenac), and 
Proteus groups produce bluish white or 
colorless colomes 

b On SS plates colonies of Shigella and 
Salmonella arc translucent and usually 
colorless or a delicate pink, while those of 
the Escherichia group are opaque, pink 
to deep red or nearly colorless with a 
pink center 

11 Tish 5 to 10 suspicious colonies and sub- 
culture on an E.M B plate Great care must 
be exercised in picking colonics because al 
though the coliiorm bacteria on the SS plate 
are inhibited, they arc not neccssaril) dead 
12 Transfer any nonlactose fermenting bacteria 
to Triple Sugar Iron (Difco or DuL) slants 
and incubate overnight at 37°G Care must 
be taken to pick a pure colony 
a Red slant and yellow butt with or woth 
out gas indicates fermentation of glucose 
b A yellow slant and butt with or without 
gas indicates fermentation of lactose or 
sucrose 

c. No change indicates neither glucose, 
lactose nor sucrose attacked 
d Blackening of the medium reveals the 

B roduction of hydrogen sulfide 
discard any slants having acid and gas 
throughout 

f Organisms from slants having a typical 
acid butt, with or without gas, and 
alkaline slant are transferred to urease 
test medium (BBL) for the identification 
of Proteus 

1) Incubate 2 to 4 hours at 3 7°C, if there 
is hydrolysis of the urea, Proteus is 
present and the culture can be dis- 
carded 

2) If negative incubate longer observing 
at 24 and 48 hours some of the para 
colon bacilli give a weak delayed re 
action at 48 hours 

13 Identify any nonlactose fermenting bacteria 


14 

C. 

1 

2 


3 


4 

5 

6 


7 

D 

1 

2 

3 

4 

5 

6 

7 

8 


by cultural reactions See Table 33 
Final identification should be done by ag 
gluunation tests with specific scrum. 

Culture for Streptococci 
Place a loopful of feces in 5 cc of a sterile 
1% solution of sodium carbonate and mctf 
bare 2 hours. 

Make 3 dilutions of this sodium carboralt 
culture in the following manner 
a Place 5 cc of sterile 0 85% NaQ solution 
in each of 3 sterile test tubes marked ) 
2, and 3 

b In tube 1 place 0 1 cc of the sodium car 
bonatc culture, making a 1 JO dilution, 
c. From tube 1 transfer 01 cc. to tube t 
making a 1-2500 dilution, 
d Trom tube 2 transfer 01 cc. to tube I 
nuking a 1 12 J 000 dilution 
e. Again label 3 stcnle test tubes, 1,2 and I 
Puce 01 cc. of each of the above d 'u 
dons m the corresponding test tube 
Pour approximately 10 cc of melted agi f 
which has been cooled to 4J*G into each 
of the 3 tubes and add 0 5 cc of sterile de 
fibnnated blood to each 
Mix thoroughly and pour the contents o' 
each tube into a Pctn dish +* 
Incubate 24 hours nr longer if necessary 
Report number of bacteria in 1 gm. of feet* 
by counting the colonics on the plate having 
the smallest number of colonics, multiply b) 
the dilution of that plate, then multiply ty > 
which represents the dilution in the sodiutf 
carbonate 

Cut out one or more colonies with a need!* 
and place in tubes of glucose broth for furthei 
identification. 

Culture for Cl pcrfrlngena (Gas Bactthu) 

Emulsify a large loopful of feces in 5 cc of 

sterile 0 85% NaQ solution 

Heat 3 tubes of sterile milk m boibng waK* 

for 30 minutes to drive off all the air in tli e 

milk 

Cool to 80*G and mark tul es 1, 2, and ) 
Inoculate No I with 0 I cc. of fecal emulsion 
No 2 with 0 2 cc , and No 3 with 0 3 cf- 
Keep at 80 # G for 20 minutes and then 
cubatc at 37*G 

Examine tubes after 4 to 12 hours 
A positive culture for the gas bacillus w 
have the following characteristics 
a The casein is mostly dissolved (80%) 
b The residual casein is filled with holes du 
to gas ( stormy fermentation ) 
c The culture has an odor of rancid burte 
due to the formation of butyric acid. 
The gas bacillus is found m both regetanv 
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and spore forms in the feces. Because there 
are so many other bacteria present, the cul- 
tures are heated after inoculation to kill these 
organisms The spores of the gas bacilli are 
not killed and reproduce in the milk. 

XI. Urethral nml Vaginal Cultures for 
N. Gonorrhocae. 

A. Collection of Material. 

1 Collect the material on swabs 

2 If the sw ahs cannot be sent to the laboratory 
at once, place m 1 cc. of broth (proteose pep- 
tone No 3) and keep in the rerngerator un 
til sent to the laboratory 

a Preparation of swabs 

1) Make small cotton swabs bv dipping 
the end of an applicator stick into a 
wanned gelatin mixture and then n rap 
ping cotton tightly around the tip 

2) Place m test tubes and sterdize in the 
autoclave 

3) Gelatin mixture 

Bacto gelatin 40 gm. 

N3»HPO« 0 2 gm 

Distilled water 40 cc. 

Heat in a boiling water bath until gel 
atm is dissolved and then keep in the 
refngerator 

b Preparation of broth 


Proteose peptone No J 20 cm 

NaO OJ&i t 

Soluble starch lOgm 

Distflled water 100 CC. 


1) Heat in a boiling water bath until pep- 
tone is dissoh ed and then filter 

2) Distribute 1 cc in test tubes and auto- 
clave at 15 lbs. pressure for 20 minutes. 

B, Cultures. 

1 Prepare plates of “glucose chocolate agar” 
(so-called because of its color, not because 
it contains chocolate) 
a. Bacto GC Medium Base (Difco) 

1) Place 7 2 gm of the agar in a 2 JO cc. 
Erlenmeyer flask and add in small 
portions 100 cc of distilled water, 
mixing with a sornng rod between 
each addition. 

2) Place m a pan of water and heat unol 
the water boils (not the agar) 

3) Distribute 10 cc in culture tubes and 
autoclave at 15 lbs pressure for 20 
minutes. 

b Bacto Hemoglobin (Difco) 

I) Dissolve 2 gm. of the hemoglobin in 


100 cc of distilled water in the same 
manner as the agar but do not heat 
in a water bath 

2) When solution is nearly complete, 
filter through coarse, moistened gauze 
to remove undissolved particles. 

3) Distribute 10 cc in culture tubes and 
autoclave at 15 lbs for 20 minutes 

c The above 2 preparations keep indefinite 
ly m the refrigerator 

d When plates are needed, melt 10 cc. of 
the proteose agar for each plate m boiling 
water and cool to <50*C. Add 0 2 cc. of 
Bacto Supplement A or Bacto-Supple- 
ment B 

e Warm the hemoglobin solution to 60°G 
f Mix 10 cc. of the hemoglobin solution 
wrrttei aseptic condemns, vmh W cc, cd 
agar and pour into a sterile Pern dish. 
Incubate overnight for sterility 
Plates can be kept for only 4 dap be- 
fore using 

2 Touch the surface of the media close to the 
outer edge of the plate lightly with the 
swab 

a. If broth is used, remove the swab and 
centrifuge the broth 

b Pour off the supernatant fluid and moco 
late the plate with a Joopful of the sedi 
ment 

3 With a wire loop spread this inoculum b) 
streaking the plate 

4 Place moist cotton in the bottom of the CO’ 
jar and phcc mt erred places in the jar 

5 Examine after incubating 24 hours If no 
growth is found, replace plates in CO2 
and incubate again 

6 Colonies of gonococci are convex, trans 
parent, from 1 to 3 mm m diameter, with 
undulated margins, and contain oxydase. 

7 Add a drop of a 1% aqueous solunon of 
para ammodimethy’laniline monohy drochlo- 
ndc to suspicious colonies (make dye fresh 
every 2 or 3 days and keep in the refnger 
ator) 

8 Oxydase positive colonics turn first pint.', 
then maroon, and finally black. 

9 Subcultures should be made before the indi 
cator is added to die colonies or while the 
colonies are still pink after adding the dye. 
The organisms are dead when the colony 
turns black 

10 All of the Neisseria group are oxydase pos 
rave as well as the Hemophilus group cer 
tain yeasts, B subnlis, streptorhnx, and cer 
tain varieties of coliform bacilli 

11 To identify gonococci inoculate sennsohd 
sugar media See Table 34 
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Table 34 Differentiation of Neisseria* 


Species 

i Glu 
cose 


Levu 
lose j 

u 

Growth ' 
on plain 
agar 

Growth 
at 22° C 

Description 
of Colony 

N gonorrhoeae 

A** 

- 


IHHHt 

_ 


Small round convex. 

N meningitidis 

A 

A 



“ 

- 

Small round b uish 

N catarrhal s 





-f 

+ 

Large grayish white 

N sicca 

A 

A 

A 

mm 

+ 

+ 

Large, wrinkled impos 
slile to emulsify 

N perfiava 

A 

A 


n 

+ 

4- 

Greenish yellow, adher 
eat to medium 


A 1 

A 

A 




"Yellow 

N subflava 

A 

A ! 

— j 



=fc 

j Greenish yellow adher 
ent to medium 

N flavescens 

“ 

- 1 

- i 



? 

Golden jellow 


* Morphology — Gram-negative diplococci 
**A indicates acid formation 


XII. Cerebrospinal Fluid Culture. 

V ^A. Direct Smeara. 

1 Direct smears are very important because the 
type of meningitis may often be diagnosed 
from them / 

2 Centnfuge the specimen at high speed for IS 
minutes and then pour the supernatant fluid 
into another tube for other tests keeping the 
sediment free from contamination 

3 Make cultures as described below and 2 

. smears of the sediment. 

Stain one smear by Gram’s method and ex- 
amine especially for the following organisms 
Neissena meningitidis 
Streptococci 
Diplococcus pneumoniae 
Staphylococci 
Hemophilus influenzae 

5 Stain the other smear by the Ziehl Neelsen 
method and examine for M tuberculosis. 

6 Pneumococci and H influenzae (Group B) 
may be t) ped directlj from the spinal fluid 
by the Quellung reaction see page 192 


I B. Culture a. 

1 It is very important that the spinal fluid be 
kept at body temperature and cultures made 
as soon as possible If cultures can not be 
made immediately, place the fluid m the 37°C 
incubator until they can be made, spinal fluid 
itself is a good culture medium 

2 If possible, take 2 blood agar slants warmed 
to body temperature to the patients bed- 
side when the spinal puncture is being made 
a Inoculate each slant with I to 2 cc of 

fluid directly from the needle 
b Take to the laboratory at once and in 
cubate under 10% COa tension 

3 Inoculate a loopful of sediment (see No 2 
under direct smear above) to each of the 
following tubes and plates 2 blood agar 
plates, 2 tubes of blood infusion broth, 2 


tubes of glucose broth, also 1 tube of thio- 
glyeoDate glucose broth 

4 Incubate 1 blood agar plate, 1 tube of blood 
infusion broth, ana 1 tube of glucose broth 
in 10% CO 2 , incubate the other cultures 
aerobically 

5 For gonococcus cultures in suspected gono 
coccal meningitis, see urethral and vaginal 
cultures for N gonorrhoeae 

6 For tubercle bacilli inoculate several tubes of 
Saenz’s medium (see p 179), a guinea pig 
should also be inoculated with a portion of 
the sediment. 

XHL Culture of Fluids (Joint, Pleural, 
Peritoneal, etc). 

A. Transudatet. 

1 Centrifuge the fluid at high speed for 30 
minutes and discard the supernatant fluid 

2 Inoculate each of the following with 1 loopful 
of sediment 2 blood agar plates, 1 gjucoseagar 
slant, I tube of glucose broth, and I tube of 
thioglycollate glucose broth. 

3 Incubate one blood agar plate in 10% CO 
and the other cultures aerobically 

4 Peritoneal fluid should also be cultured as 
follows 

a. Streak an E M.B plate with a loopful of 
sediment. 

b Inoculate 1 cc of sterile 1% sodium car- 
bonate solution with several loopfuls of 
sediment, incubate for 2 to 4 hours at 
37°C, and then streak a loopful on a blood 
agar plate 

B Joint (Synovial) Fluid. 

1 If the fluid does not coagulate follow direc- 
tions under transudates (A) and in addition, 
streak a chocolate agar plate for N gonor 
rhoeae as described under urethral and vaginal 
cultures. 

2 If the fluid coagulates, obtain as much fluid 
as possible with a sterile pipette and inoculate 
the following 
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a. One tube of thioglycolhte glucose broth, 
if growth occurs in 48 hours subculture 
an 2 blood agar plates, incubate 1 acrobi 
cally and I anaerobically 
b A chocolate agar plate tor N gonorrhoeac 
and incubate in 10% CO- 

3 Incubate the remaining coagulum in 10% 
CO- 

XIV. Culture of Tissues (Tonsils, etc.). 

A. Preparation of Tissue. 

1 Remove the tissue from tire specimen bottle 
with stenle forceps and place in a small sterile 
mortar containing a very small amount of 
stenle sand 

2 Tonsils should be immersed m boiling water 
for 10 seconds before placing in the mortar 

3 Gnnd the tissue thoroughly using a stenle 
pestle and adding stenle 0 85% Nad solu- 
tion m very small portions until 3 or 4 cc 
have been added 

4 This suspension may he used for animal in 
oculation 

B Culture 

1 Streak each of 2 blood agar plates and 1 
glucose agar slant with a loopful of the sus- 
pension 

2 With a sterile pipette transfer 0 2 to 0 3 cc 
of the suspension to a tube of glucose broth 
and a tube of thioglycollatc glucose broth 

3 Incubate all cultures lerobicall) except one 
blood agar plate which should be incubated 
m 10% co- 
xy Culture of Extracted Tec lb. 

A. Preparation of Tooth 

1 Drop tooth into 95% alcohol remove im 
mediately with stenle forceps, and pass 
through a flame to bum off tne alcohol 

2 Repeat this process twice and then place the 
tooth in a stenle Pctn dish 

B Culture 

\ Hold the tooth with stenle forceps and rub 
the outside of it gently over a section of a 
blood agar plate as a rest for stenlity 

2 Place the tooth in a stenle towel. 

3 Clip off the apex of the tooth with a stenle 
bone forceps (or lineman s pliers) and drop 
it into a tube of thioglycollatc glucose broth 

4 Hold the tooth in a stenle towel and crack 
it with the forceps or pliers 

5 Culture the pulp on a blood agar plate and 
in glucose broth and thioglycollate glucose 
broth incubate aerobically 

XVI Culture for Fungi 
See Section on Mycology page 204 
Special Teats 

L Solubility Tcata for Pneumococci. 


A. Preparation of Bile 

1 Place 100 cc. of ox bile m a flask and auto- 
clave at 15 lbs. pressure for 15 minutes. 

2 Pass through filter paper until absolutely clear 

3 Distnbute in tubes, 10 cc to a tube and auto- 
clave again at 15 lbs pressure for 15 minutes. 

B Bile Solubility Test, 

1 Label 3 small test tubes, A B, and C 

a In A place 0 5 cc of bile and 0 5 cc of 
0 85% Nad solution 

b In B place 0 5 cc. of bile and 0 5 cc. of i 
24 hour broth culture of the organism to 
be tested. 

c In C place 0 5 cc. of 0 85% NaQ solution 
and 0 5 cc. of the broth culture 

2 Incubate tubes at 37'G for 2 hours. 

3 Remits 

a. If tube A is dear and tubes B and C are 
cloudy, the organism is insoluble in bile, 
b If tube C is cloudy and tubes A and B are 
dear, the organism is soluble in bile, 
c All types of pneumococa are bile solu- 
ble 

d Most strains of streprococa are insoluble 
in bile 

C. Sodium Lauryl Sulfate Solubility Test 


Make a 2% aqueous solution of crude sodium 
laurj 1 sulfate ( *Dreft ) 

2 Heat to dissolve, filter, and keep in a weD 
stoppered bottle in a 37°G incubator 

3 Add 0 I cc of the 2% sodium lanry 1 sulfate 
solution to 0 9 cc of a 24 hour broth cui 
ture of the organism to be tested 

4 For a control aad 0 1 cc of 0 85% NaQ 5 0- 
lution to 0 9 cc. of the broth culture 

5 Incubate both tubes for 30 minutes. 

6 If the organism present is pneumococcus, 
tube containing the sodium laurel sulfate so- 
lution will be dear while the control tub 
will remain doudy 

n Indole Teat.s/ 

A. Reagent. 

Para-dimcthylin inobenzaldehyde i % 

Ethyl alcohol (95%) £ 

Hydrochloric tad (cone ) 1 

B Method. 

1 Lav er 2 or 3 cc. of the reagent on the so 
f3ce of a 24-48 hour Bacto-tryptone culture 

2 If indole is present, a pink color appears at 
zone of contact of the broth ana rea S* nt Y. 

3 If a pmk color appears, shake the tube 

tnbuting the color throughout. (If the co 
disappears, add more reagent.) . 

4 Ada 1 or 2 cc. of chloroform and shake 

5 Allow the chloroform to settle if the cdo| 

S rs only in the chloroform it is a 
; reaction 
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HI. Coagulase Teat for Staphylococci. 

A Materials Required. -S 

1. Plasnja from citrated human blood (0.0S gm. 
of sodium citrate to 10 ce. of blood). 

a. Blood must be obtained from a person 
whose plasma is known to be coagulated 
by a known coagulase positive staphylo- 
coccus. 

b. Plasma must be fresh. 

2. A 24 hour broth culture of staphylococcus 
or a 24 hour agar culture. 

B. Method . & 

1. Add 0.5 cc. of the broth culture or a large 
loopful of organisms from the agar slant to 

0.5 cc. of plasma. 

2. For a control add 0.5 cc. of broth to 0.5 cc. 
of plasma. 

3. Place both tubes in a 37°G water bath and 
observe at 30 minutes, l, 2, 3, and 24 hours 
for coagulation. The control should show 
no coagulation, 

C. Interpretation. 

1. The shorter the period required for the 
staphylococcus to coagulate the plasma the 
more strongly positive the results; if coagu- 
lation occurs within 24 hours the test is con- 
sidered positive. 

2. A positive coagulase test, especially when 
combined with hemolytic activity, usually 
indicates a pathogenic toxin-producing strain 
of staphylococcus 

IV. Fibrinolytic Activity of Hemolytic 
Streptococci. 

A. Material Required. 

1. Sterile Plasma from oxalated human blood 
(0.02 gm. of potassium oxalate to 10 cc. of 
blood). 

a. The plasma must be of known sensitivity. 

b. Plasma from certain individuals, notably 
those who have recovered recently from 
hemolytic streptococcus infections, are 
highly resistant to fibrinolysis. 

2. Sterile 085% NaCl Solution. 

3. Sterile 0.25% Calcium Chloride Solution. 

4. Streptococcus Culture — a turbid 18-24 hour 
broth culture. 

B. Method. 

1. Dilute 0.2 cc. of plasma with 0.8 cc. of 0.85% 
NaCl solution. 

2. Add 0.5 cc. of the streptococcus culture to 
be tested. 

3. Mix immediately and add 0.25 cc. of a 0.25% 
calcium chloride solution. 

4. Mix and place in a water bath at 37°C. 

5. In about 10 minutes there should be a solid 
coagulum. 


«5. Observe frequently and note the time when 
the contents of the tube again become com- 
pletely fluid. 

7. If the dot is not dissolved in 24 hours, the 
streptococcus is considered negative for fi- 
brinolytic activity. 

V. Hemolysin Test for Streptococci. 

A. Materials Required. 

1. A 24 hour broth culture of the streptococcus 
to be tested. 

2. A 5% suspension of washed rabbit erythro- 
cytes in 0.85% NaQ solution. 

B. Test. 

1. Add 0.5 cc. of the broth culture to 0.5 cc. of 
the washed erythrocytes. 

2. Incubate at 37 °C for 2 hours. 

3. If hemolysis is not evident, centrifuge to de- 
tect a slight hemolysis. 

VI. Penicillin Assay. 

A. Reagents Required. 

1. Sterile 0.85% NaCl Solution. 

2. Fluid to be tested, i e., serum, urine, spinal 
fluid, etc. (Fluids may be kept frozen for 24 
hours without changing the penicillin assay.) 

3. Sterile human d e fibrin at ed blood (10 cc.) in- 
activated at 50°C. for 30 minutes or kept in 
the refrigerator for 3 days. 

4. Test Organism. 

a. A stock culture of hemolytic streptococ- 
cus (C-203) kept on blood agar and trans- 
ferred every 2 weeks. (A culture may be 
obtained from Washington; see stock 
standard penidllin solution.) 

b. A 24 hour brain heart infusion broth 
(Difco) culture made from the stock 
culture is used in the test. 

5. Defibrinated Blood and Streptococcus Mix- 
ture. 

a. Add the test organism to the blood in 
the proportion of 0.005 cc. of broth cul- 
ture to 1 cc. of blood just before using 
in the test. 

b. The broth culture must be well mixed 
before pipetting* _ 

6. Slock Standard Penicillin Solution ( 1 cc,= 100 
units). 

a. Obtain sodium penicillin G crystals for 
assay and sensitivity tests from the Fed- 
eral Security Agency, Food and Drug 
Administration, Washington, D. C Keep 
in the refrigerator. 

b. Weigh the small bottle containing the 
crystals on an analytical balance. 

c. Pour out a small amount of the crystals 
(from 30 to 40 mg.) on a sterile watch 
glass and then reweigh the bottle to olr 
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tain the w eight of the amount poured out. 
d Dissolve the crystals in 100 cc. of stenJe 
0 85% Nad solution and calculate the 
units per cc. (Use same technique as in 
making a standard solution for chemistry 
except use stenle glassware ) 
e Dilute in stenle 0 85% NaCl solution so 
that each cc contains 100 units (This 
solution may also be used for the senst- 
tnity test.) 
f Example 

1) Each mg of the crystals contains 1667 
units of penicillin 

2) Weight of bottle before removing 
crystals minus weight of bottle after 
remos mg crystals equals 36 1 mg 

3) In a 1-100 dilution each cc would 
contain 601 "787 units 

/ 36 ! X 1667 \ 

l 100 j 

4) A 1-6 02 dilution w ould equal 100 units 
per cc. 


ludon to the first tube and mix thoroughly 
c. Transfer 1 cc. of this dilution to the sec 
ond tube and mix 

d Transfer 1 cc from the second tube to the 
thud tube and so on through the sixth 
tube e 

2 Transfer 0 2 cc of the above dilutions rcspec 
avely to 6 small stenle test tubes. 

3. Add 0 2 cc of the defibnnated blood and 
streptococcus mixture to each tube 

4 Shakt^and incubate the tubes at 37*G over 
night. 

5 The reading of this test in concentration of 
penicillin units per cc. is used for the estima 
don of the amount of penicillin in the ur. 
known fluid 

C. Assay of UnJcnntcn Fluid. 

I Place 6 small stenle test tubes in a rack and 
add 0 2 cc of stenle 0 85% NaCl solution 
to all the tubes except the first See Table 36. 


Tabi.e 35 Dilutions of Dilute Stavdard Pemolliv Solutiov 


Tube 

0 85% NaCl 
solution 
in cc. 

Dilute standard 
penicillin 
solution m cc 

Dilution 

Concentration of 
penicillin units 
per cc 





0 250 





0 125 
















1 mm I 



IMIhMh 



•Discard 1 cc from this tube 


7 Working Standard Penicillin Solution (1 cc. 

= 10 units) 

a Make a 1-10 dilution of the stock standard 
pcmcilbn solution in stenle 0 85% NaCl 
solution and distnbutc in I to 2 cc amounts 
in small vials 

b Keep frozen and allow to melt immedi- 
ately before using 

8 Dilute Standard Penicillin Solution (1 cc = 

1 unit) 

a Make a 1-10 dilution of the w orkrng stand- 
ard penicillin solution in stenle 0 85% 
NaCl solution 

b This solution must be made fresh each day 
B. Penicillin Standard Control. 

1 Dilution of dilute standard penicillin solution 

(1 cc. = 1 unit) Sec Table 35 

a Place 6 small stenle test tubes in a rack, 
add 1 5 cc. of stenle 0 85% NaCl solu- 
tion to the first tube and 1 cc. to the re- 
maining tubes. 

b Add 0 5 cc of the standard penicillin $o- 


2 Add 0 2 cc of the fluid to be tested to the 
first and second tubes 

3 Mix the second tube, transfer 0 2 cc' to the 
thud tube, etc , to the sixth tube and then 
discard 0 2 cc from the sixth tube. 

4 Add 0 2 cc of the defibnnated blood and 
streptococcus mixture to each tube. 

5 Shalce and incubate the tubes at 37 ’C. over 
night. 

D Reading of Assay. 

1 The defibnnated blood is hemolyzed in the 

tubes containing growth of the hemolytic 
streptococcus, while there is no hemolysis w 
the tubes m which the organism is complete y 
inhibited by penicillin _ 

2 The end point is the last tube showing whioi 
non of growth of the organism, that is. tn 
tube showing no hemolysis. 

3. The end-pomt of the penicillin standard co 
trol should occur in tube 3 or 4, which c<> 
tarn concentrations of penicillin of 3 , 
0 03125 units per cc , respectively. This eoo 
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point is the standard factor or the minimum 
concentration of the ding necessary to inhibit 
growth 

Read the end point of the penicillin standard 
control and determine the standard factor 
(A), that is, the units per cc. which inhibits 
growth of the test organfsm 
5 Read the end point of the unknown fluid 
and determine the dilution factor (B), that 
is, the highest dilution w hich inhibits growth 
of the test organism. 


2 cc. of the working standard solution in a 
test tube and add 18 cc. of broth, 
b Dilute standard B (01 unit per cc.)— 
place 2 cc. of the dilute standard A solu 
non in a test tube and add 18 cc of broth. 

5 Organism to be Tested 

a. A 24 hour broth culture of the organism 
is necessary 

b Make a 1-10 dilution of the culture with 
broth 


Table 36 Penicillin Assay op Unknown Fluid 


Tube 

0 85% NaCl 
tolut on 
in cc 

Unknown 
fluid m 
cc 

Dilution 

Defibnnated blood and 
streptococcus 
mature m cc 


0 

02 




02 

02 


MjAdsB -v 


02 

0.2 of 1 2 



\ \ ' 

(12 

0 2 of 1-4 




02 

0 2 of 1 8 




02 

02 of 1 16* 

mem 

MSmtMBgm 


•Discard 0 2 cc from this tube 


6 Calculation of penicillin concentration of the 
unknown fluid. 

Standard factor (A) X dilution factor (8) — units 

p crcc. 

7 Example 

s. Standard control test showed inhibition of 
hemolysis m first 3 tubes, therefore, the 
standard factor = 0 0625 
b The unknown fluid showed inhibition of 
hemolysis in first 4 tubes, therefore, the 
dilution factor = 1 8 
c. 0 0625 X 8 = 0 5 unit per cc. 

VH. Penicillin Sensitivity Test. 

A . For Organisms sensitive to penicillin see 
Table 37 

B. Reagents Required. 

1 Sterile Broth Culture Medium — use the land 
of broth necessary for the best growth of the 
organism to be tested 

2 Stock Standard Penicillin Solution (1 cc = 
100 units)— see penicillin assay 

3 Working Standard Penicillin Solution (1 cc. 
— 10 units) 

a Make a 1-10 dilution of the stock penicillin 
standard solution in broth, 
b Distribute in test tubes in 15 cc. amounts 
and freeze avoid refreezing after once 
thawed due to loss of potency of the pen 
lcillm 

4 Dilute Standard Penicillin Solutions 

a. Dilute standard A (1 unit per cc.)— place 


G Method. 

1 Set up 15 sterile test tubes in a rack. 

2 Add solutions according; to Tabic 38 

3 Incubate tubes for 18 hours at 37°G 

D Reading of Test. 

1 The end point is the first clear tube which 
indicates no growth of the organism. 

2 This is the minimum concentration of peni 
cilhn necessary to inhibit the growth of the 
organism tested and is indicate e of the sen- 
sitivity of die organism to penicillin. 

3 For example, if tube 6 is the first clear tube, 
the organism is sensitive to penicillin in a 
concentration of 0 1 unit per cc 

VIR Streptomycin Assay. 

A. Reagents Required. 

1 Sterile 085% NaCl Solution 

2 Fluid to be Tested — same as for penicillin as- 
say 

3 Sterile Human Defibrmated Blood (10 cc.) — 
same as for penicillin assay 

4 Test Organism. 

a. A stock culture of Bacillus megatherium 
kept on a plain agar slant and transferred 
every 2 weeks (A culture may be obtained 
from Washington, see stock standard 
streptomycin solution.) 
b A 24 hour glucose broth culture is used 
in the test. 

5 Defibrmated Blood and B megathentmi Muc 
ture 
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Table 38 Test tor Penicillin Sensitivity 


Tube 


| | 

Organism 
(1 10 dilution) 
in cc 

Concentration in 
units per cc 

■■■■ 

0 5(01 u/ce.)* 

40 

05 

001 


10(01 u/cc.) 

35 

05 

002 


20 ( 01 u/cc.) 

25 

05 



3 0(01 u/cc ) 

15 

05 

0 06 


4 0(01 u/ce 1 

05 

05 



0 5(10 u/cc ) 

40 

05 

01 


1 0 ( 1 0 u/cc ) 

35 

05 



2 0 ( 10 u/cc) 

25 

05 

04 


3 0 ( 10 u/cc.) 

15 

05 



4 0 ( 10 u/cc.) 

05 

05 

08 


0 5 (10 0 u/cc } 

40 

05 


i’«.H •* 

1 0 (10 0 u/cc.) 

35 

0.5 

20 

r s 1 

2 0 (10 0 u/cc ) 

25 

05 

40 


3 0?l00 u/cc) 

1.5 

05 

60 


4 0(100 u/cc.) 

05 

05 

80 


•Standard solation to be used is in parentheses 


a Add the test organism to the blood in the 
proportion of 0005 cc of broth culture 
to 1 cc of blood just before using in the 
test, 

b The broth culture must be well mixed 
before pipetting 

6 Stock Standard Streptomycin Solution ( 1 cc 
= 100 micrograms or 0 1 mg ) 
a. Obtain streptomycin for assay and sensi- 
tivity tests from the Federal Security 
Agency, Food and Drug Administration, 
Washington, D C. Keep in the refriger- 
ator 


1 cc. of the stock standard solution with 3 cc. 
of stenle 0 85% Nad solation. 

B. Streptomycin Standard Control. 

1 Dilotion of working standard streptomycin 
solution (25 micrograms per cc ) See Table 
39 

a. Place 6 small stenle test tubes m a rack and 
add 0 5 cc of sterile 0 85% NaCl solution 
to each except the first, 
b Add 0 5 cc of the working standard strep- 
tomycin solution to the first and second 
tubes and mix the second tube thoroughly 


Table 39 Dilutions of Working Standard Streptomycin Solution 


Tube 

0 85% NaCl 
solution in 

Working standard 
streptomycin 
solution in cc 

Dilution 

Concentration of 
streptomycin in 
micrograms per cc 



05 

undiluted 

25 0 



05 

1 2 

12 5 



0 S of 1 2 

1-4 

6 25 



0 5 of 1-4 


3 1 25 



0 5 of 1-8 


1 56 

6 

05 

0 5 of 1 16* 


0 78 


•Discard 0 5 cc from this tube 


b Weigh out the streptomycin in the same 
manner as penicillin (see penicillin assay) 
c. Dissolve the streptomycin in 10 cc of 
stenle 0 85% Nad solution 
d Dilute with sterile 0 85 % Nad solution 
so that each cc will contain j 100 micro- 
grams or 0 1 mg 

e. This solution will keep 1 month if frozen, 
2 weeks if kept in the refngerator not 
frozen 

7 Working Standard Streptomycin Soltttton (1 
cc. = 25 micrograms or 0 025 mg ) — dilute 


c Transfer 0 5 cc. of this dilution to the 
third tube and mix. 

d Transfer 0 5 cc of the third tube to the 
fourth and so on through the sixth tube. 
Transfer 0 2 cc of each of the above dilu- 
tions respectively to 6 small stenle test tubes 
Add 0 2 cc of the defibnnated blood and 
B megathenum mixture to each tube 
Shake and incubate at 37 °C. overnight. 

The reading of this test in micrograms of 
streptomycin per cc. is used for the estuna- 
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Table 40 Test fos Streptomycin Sensitivity 



tion of the amount of streptomycin in the 
unknown, fluid 

C. Allay of Unknotcn Tluld. > 

1 Place 6 small sterile test tubes in a rack. 

2 Add solutions in the same manner as gnen in 
Table 36 for assay of penicillin except add 
the defibnnated blood and B megatnernim 
mixture instead of the streptococcus mixture 

3 Shake and incubate the tubes at 37 # G over 
night 

D. Reading of Assay. 

1 B megatherium produces hemoly sis of eryth 
rocytes. 

2 The end-point of the standard streptomycin 
control and the unknown fluid is read in the 
same manner as in the penicillin assay 

3 The end point of the streptomycin standard 
control should be in tube 3 or 4 which con 
tains 6 25 and 3 125 micrograms per cc. re 
specnvely 

4 Calculation of the streptomycin concentra 
ton of the unknown fluid is made m the same 
manner as for penicillin using the appropriate 
standard factors 

IX. Streptomycin Sensitivity Test. 

A . For OrganUmi sensitive to streptomycin see 
Table 37, page 188 

0. Rengcnti Required 

1 Stenle Broth Culture Medium — use the kind 
of broth necessary for the best growth of 
the organism to be tested 

2 Stock Standard Streptomycm Solution (1 cc. 
= 100 micrograms or 0 I mg ) 

a. Weigh out the streptomycm and add 10 
cc. of stenle 0 85% NaCI solution as de- 
scribed under stock standard streptomycin 
solution under streptomycm assay 
b Dilute with stenle broth so that each cc. 

will contain 100 micrograms or 0 1 mg 
c. This solunon will keep 1 month if frozen. 


2 weeks if kept in the refngerator not 
frozen. 

3 Dilute Standard Streptomycm Solution (1 cc. 
= 10 micrograms or 0 01 mg ) — dilute 2 cc. 
of the stock standard solution with 18 cc. of 
broth 

4 Orgammt to be Terted 

a A 24 hour broth culture of the organism a 
necessary 

b Make a 1-10 dilution of the culture with 
broth. ^ , 

C. Method. 

1 Set up 10 stenle test tubes in a rack and tii 
solutions according to Table 40 

2 Incubate tubes for 18 hours at 37*G 

D Reading of TetU 

1 The end point is the first clear tube which 
indicates no growth of the organism. 

2 This is the minimum concentration of strep- 
tomycin necessary to inhibit the growth of 
the organism tested and is indicative of the 
sensitivity of the organism to streptomycin. 

3 For example, if tube 6 is the first clear tube, 
the organism is sensitive to streptomycin in 
a concentration of 10 micrograms per cc 

Qnellnng Reaction (Capsular Swelling) 

L Typing of Pneumococcus in Sputum. 

A. Collection of Specimen. 

1 The sputum should be collected m a clean, 

dry, and preferably stenle container before 
therapy is started. . 

2 It should come from the deep air passages an 
be relatively free from saliva and nasal secre 
oons 

3 Pneumonia sputum usually contains some 
blood and tends to be thick and sticky 

4 If sputum has dned in the container, it m*> 
be resuspended in broth for examination pro- 
vided it has not stood Jong enough to pen® 
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the contaminating organisms to overgrow the 
pneumococci 

5 If possible, preservatives should not be used. 
However, if sputum is to be transported any 
distance requiring more than 5 hours, 05 % 
formalin may be added 

5 Material may be obtained from infants and 
small children after inducing a cough by gen 
tly touching the posterior wall of the pharynx 
with a sterile swab and collecting any mucus 
present. 

7 Place the swab in a tube containing 2 to 3 
cc of broth containing 1 or 2 drops of sterile 
rabbit blood, agitate, and meubate broth for 
6 to 8 hours, no longer 

B. Typing. 

1 Make a smear of the sputum and stain by 
Gram’s method to determine the presence 
and relative number of pneumococci If no 
organisms arc present, typing is useless 

2 Mark 3 slides so each is divided in 2 parts, 
label the areas A, B, C, D, E, and F 

3 By means of a small loop measuring 1 mm. 
in diameter, place a small amount of sputum 
in eacp area 

4 If the spfitwn is extremely tenacious and 
thick, beat a portion of it with 0 85% NaCl 
solution or broth by means of a wooden 
applicator m a Pern dish using the flecks 
that float to the top for the reaction 

5 With a large loop measuring 4 ram. in di- 
ameter, place 4 loopfuls of rabbit serum A 
in the area with that letter Place the serum 
at the edge of but not touching the sputum 
so that the loop is not contaminated and can 
be used for more serum without contaminat- 
ing that in the bottle 

6 When the last drop of serum is added, mix 
serum thoroughly with sputum If there is 
nor enough methylene blue in the serum to 
stain the organisms add one drop of Loef- 
fler s methylene blue solution and mix again. 
Place a cover glass over the preparation 

7 Add each group serum to its corresponding 
area (B, C, D, E, and F) in the same man 
ner, flaming die loop between each group 
serum. 

8 Examine with a microscope, oil immersion 
lens, with a subdued light. Thin specimens 
may be examined immediately but 30 min 
utes should elapse before looking at thick 
specimens The thicker the specimen the 

* more time should be allowed before a neg 
ative report is given 

9 A positive reaction is indicated by the ap- 
pearance of a sharply outhned but color- 
less swollen capsule surrounding the blue 


stained pneumococci This swollen capsule 
has a distinct “ground glass appearance. 
The degree of swelling is usually equivalent 
to the width of the pneumococcus, except m 
Type m it is much greater The rnost%ig 
nificant thing is the sharpness of the capsular 
outline which is easily visible at different 
focal planes. 

10 When large numbers of organisms are pres 
ent, they are often agglutinated by the serum 
causing the individual capsules to be indis 
tmguishable, except at the outer portion of 
the clump A capsule like film wnth a 
‘ground glass effect appears to surround 
the entire clump This is especially true of 
Type m 

11 Examine all groups (A, B, C, D, E, and F) 
and repeat the same procedure with the 
individual types in the groups showing cap 
sular swelling There may be several differ 
ent types present. 

12 When several types are present, some indi 
cation as to the causative agent may be ob 
tamed from the relative proportion of the 
different types and by the incidence of dif 
ferent types in healthy individuals The fol 
lowing types are commonly found in norma? 
throats III, VT, XIX, and XXIII 

13 There are a few unclassified pneumococci 
if there is a strain present which does not 
react with any typing serum culture and 
test its solubility in bile Report as unclassi 
fied pneumococa if bile soluble 

C. Lochard’s Concentration Method. 

1 If there are only a few pneumococci on the 
Gram stain proceed with the concentration 
method before typing 

2 Place approximately 0 5 gm of caroid (ob- 
tained from American Ferment Co , Buffalo 
N Y) m 8 cc. of 0 85% NaQ solution and 
mix well 

3 Pour the caroid-saline mixture over the 
sputum. 

4 Star well with a wooden applicator and allow 
to stand 5 minutes. 

5 Place m a centrifuge tube and centrifuge at 
low speed for exactly 2 minutes to throw* 
down the coarse particles and mucous threads 

6 Pour the supernatant fluid into another cen 
tnfngc tube and discard the sediment. 

7 Centrifuge the fluid attain for 15 minutes at 
high speed and decant the supernatant fluid 

8 Mix the sediment bj shaking and use for typ- 
ing as described above 

D Mouse Inoculation 

1 Inoculate 0 5 cc. of the sputum into the peri 
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toneal cavity of a mouse. If it is very thick 
and tenacious, add 1 cc. of sterile 0.85% Nad 
solution, mix, and inoculate 0.5 to 1 cc. of 
the thinner mixture. 

2. Observe the animal frequently; symptoms 
may appear after 4 to 5 hours. 

3. When symptoms appear, or after 18 hours, 
puncture the peritoneum using a tuberculin 
syringe with a 25 gauge needle. 

4. Withdraw some fluid, holding the mouse with 
the abdomen down. 

5. If only a drop or wo of fluid is obtained, 
mix with a few drops of sterile 0.85% NaCl 
solution. 

6. Make a smear with a small loopful of the 
fluid and stain by Gram’s method; if pneumo- 
cocci arc present, type as described for spu- 
tum. 

7. If the mouse dies, use the peritoneal exudate 
(wash the peritoneal cavity with 2 to 3 cc. 
of 0 85% Nad solution if necessary) for 
typing and culture the heart’s blood on a 
blood agar plate and in broth. 

a. Pneumococci will appear as very small, 
round, flat, moist, water clear, nonconflu- 
ent colonies on the blood agar. The col- 
onies will be surrounded by a zone of 
methemoglobin formation with an exterior 
zone of greenish color after 24 hours 

b. Use the broth culture for a bile solubility 
test. 

Q. Typing of Pneumococcus in Ollier Fluids. 

A, Spinal Fluid. 

1. Centrifuge, make a smear of the sediment, 
and stain by Gram’s method. 

2. If pneumococci are present, proceed to type 
as described under sputum. 

3. If more than 15 to 18 organisms are present 
per oil immersion field, dilute with an equal 
amount of sterile 0.85% NaQ solution. 

B. Material from Lung Puncture or Empy- 
ema Put. 

1. Make a smear of the material and stain by 
Gram’s method. 

2. If a few pneumococcus organisms are present, 

f iroceed to type as described under sputum, 
f more than 15 to 18 organisms per oil im- 
mersion field are present, dilute by mixing 
thoroughly a loopful of the material in 3 or 
4 drops of sterile 0 85% NaQ solution. 

C. Cultures. 

1. Broth cultures or organisms from solid media 
suspended in 0.85% NaQ solution may be 
typed. 

2. Proceed in the same manner as for sputum, 
diluting if the organisms are too numerous. 


HL 1>plng of K. pneumoniae (Friedlimder’i 
Bacillus). 

A. Sputum . 

1. Use typing scrums for Type A and Type B 
and proceed as in the method for pneumo- 
coccus typing. 

2. Typing scrums for Type C and Type X m 
not available. 

B. Cultures, spinal fluid, or other material con- 
taining Fricdlander’s bacillus may be typed 
in the same manner. 

IV. Typing of N. meningitidis. 

A. Spinal Fluid. 

1. If enough organisms are present, typing can 
be made directly on the sediment by the 
same method as described under pneumo- 
coccus typing but using meningococcus typ- 
ing scrums for Group I and Group II alphi 

2. Group II does not nave demonstrable cap- 
sules. 

3. Group I is found in 70% of the cases of 
meningococcus meningitis. 

B. Cultures. 

!. Add 0.05 cc. of a 1-10 saline dilution of a broth 
culture to 0.25 cc. of Group I and Group fl 
alpha typing serum, respectively. 

2. Incubate for 2 to 4 hours in an atmosphere 
of 10% C0 2 . 

3. Place a loopfal on a slide with a loopful of 
methylene blue stain. 

4. Look for capsular welling with the oil im- 
mersion objective of the microscope. 

V. Typing of Bf. Influenzae. 

A. Spinal Fluid. 

1. If enough organisms are present, typing can 
be made directly on the sediment bv the same 
method as described in the method under 
pneumococcus typing but using typing 
serum for H. influenzae, Type B. 

2. Type B is found in almost all cases of influ- 
enzal meningitis. 

B. Cultures and other material containing H. in- 
fluenzae may be typed. 

'Agglutination Testa for Bacterial Antibodies 

I. All testa in which living cultures are used must 
be carried out with the utmost care agaimn 
self-infection and contaminating the laboratory 
with the organisms. Cultures of P. 
and the Brucella group are especially 
eras. Killed organisms as antigens are reco 
mended. 
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IL Materials Required. 

A. Patient?* Serum* 

1. Obtain 5 cc. of venous blood and allow to 
clot. 

2. Centrifuge to separate serum. 

3. Tests may be run on blood that has stood 
for 2 to 48 hours in the refrigerator. 

B. Antigen prepared as described below. 

C. Sodium Chloride Solution — 0.85%. 

D. Smc/f Test Tubes about 8 mm. in diameter. 

IIL Preparation of Antigens. 

A. Suspensions of Living Bacteria— 12 to 24 
hour living plain broth culture; a nonmotile 
living culture of Proteus is best for the Weil- 
Felix reaction. 

B, Preparation of fl ( Flagellar ) Antigens. 

1. Flagellar antigens' are used in detecting H 
agglutinins against S. typhosa, S. paratyphi 
(A), S. schottmiiUeri (para B), and S. cho- 
Ieraesuis. 

2. An actively motile, smooth colony strain is 
essential for each species. 

3. The motility may be enhanced by growing 
the culture either in broth or on agar at 
room temperature for a few days. 

4. Streak a plate of beef infusion agar poured 
24 hours previously and incubate for 18-24 
hours at 37 °C 

5. Examine for smooth colonies; if all die col- 
onies are not smooth, suspend 2 or 3 smooth 
colonies in small amounts of saline or broth 
and replate each suspension immediately. 

6. Repeat this process until all the colonies are 
smooth. 

7. Make a smear, stain by Gram’s method, and 
examine to ascertain whether the culture is 
pure. 

8. Inoculate an agar slant and incubate for 18 
to 24 hours. 

9. Suspend the culture in saline or broth and 
inoculate KoUe flasks or Blake bottles con- 
taining 2% beef infusion agar from which 
the water of condensation has been removed 
•with a pipette. 

10. Incubate 18-24 hours at 37 °C and then pi- 
pette 10 cc. of sterile buffered NaQ solu- 
tion containing 2% formalin into the flask 
to suspend the growth. 

11. Transfer to a sterile test tube and place in 
the refrigerator for 43 hours. 

12. Culture for sterility by pipetting 0.1 cc. of 
the suspension into a tube of thioglycollate 
glucose broth and incubating. 

13. If not sterile, repeat culture every 48 hours 
until sterile. 


14. If considerable material settles out, decant 
the supernatant suspension and dilute it with 
buffered NaQ solution to a turbidity 10 
times heavier than tube No. 3 of McFar- 
land’s nephelometer, 

15. For agglutination tests, combine 1 part of 
the concentrated suspension with 9 parts 
of sterile 0.85% NaCl solution containing 

0.2% formalin to give a turbidity compar- 
able to tube No. 3. 

16. Test for agglutination with a known posi- 
tive serum. 

17. Store in the refrigerator. 

18. Buffered NaCl Solution. 


Sodium chloride 8.8 gm. 

Sodium phosphate (NajHPOi) 2.0 gm. 

Water to make I liter. 


a. Check pH which should be 8.4 -8.6. 

b. Filter through Whatman No. 50 filter 
paper. 

c. Autoclave at 15 lbs. pressure for 30 min- 
utes. 

C. Preparation of O (Somatic) Antigen. 

1. Somatic antigens are used in detecting O 
agglutinins against S. typhosa, Proteus X 2 , 
Proteus X 10 , and Proteus XK. 

2. Follow directions under preparation of H 
antigen for obtaining a smootn colony strain 
and inoculation of Kolle flasks or Blake 
bottles. (It may be either a motile or non- 
motile strain except for Proteus which must 
be a nonmotile strain.) 

3. After incubating for 1 8-2 4 hours, suspend the 
growth in 10 cc. of sterile 0.85% NaQ solu- 
tion containing 0.5% phenol. 

4. Pour into a large test tube or flask and add 
with constant shaking an equal quantity of 
absolute alcohol. 

5. Incubate at 37 °C. for 12-18 hours. 

6. Decant the supernatant suspension into a 
sterile test tube or flask. 

7. Culture for sterility by pipetting 0.1 cc. 
of the suspension into a tube of rnioglycol- 
late glucose broth. 

8. Add one-half volume of sterile 0.85% NaQ 
solution containing 0.5% phenol to reduce 
the concentration of alcohol to approxi- 
mately 30%. 

9. Further dilute the suspension with sterile 
0.85% NaQ solution containing 0.5% phe- 
nol combined with 30% of its volume of 
absolute alcohol until the turbidity is ap- 
proximately 10 tunes that of tube No. 3 
of McFarland’s nephelometer. 

10. For agglntination tests, combine 1 part of 
the concentrated suspension with 9 parts of 
O.S5% NaQ solution to obtain a suspension 
containing approximately 3% alcohol and 
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005% phenol and equivalent in turbidity 
to tube No 3 

11. Test for agglutination with a known posi- 
tive serum 

12 Store in the refrigerator 

D. Preparation of Shigella Antigens. 

1 Although Shigella organisms are not motile, 
the antigens are prepared as described under 
H antigens 

2 If the antigen tends to agglutinate spontane- 
ously, use a 2% formalized 0 5% NaCl solu- 
tion instead of a formalized 0 85% solution 
for washing off the growth from the agar. 

E. Preparation of Brucella Antigens. 

1 Make antigens of Brucella abortus, suis, and 
mehtensis. (Cultures may be obtained from 
the National Institute of Health, Bethesda, 
Md) 

2 Caution must be taken in handling virulent 
strains. 

3 Ascertain whether the strain produces smooth 
colonics in the same manner as described un- 
der the preparation of H antigens 

4 Inoculate KolJe flasks or Blake bottles con- 
taining Bacto tn ptose agar with a suspension 
of a 72 hour culture 

5 Incubate 72 hours at 37"C. and wash off the 
growth with 05% phenol m 0 85% Nad 
solution 

6 Filter through several layers of sterile gauze 
into a sterile vaccine bottle. 

7 Refrigerate the suspension for 7 to 10 days 
and make a sterility test 

8 This is the stock solution and keeps indefi- 
nitely 

9 For use in the test, dilute with phenolized 
sabne solution so the suspension is compara- 
ble to tube No 1 ol Mclarland's nephelome- 
ter 

F. Preparation of P . tularensls Antigen. 

1 A nonvirulent strain of P tularensis must be 
used (A nonvirulent strain “B-38” may be 
obtained from the National Institute of 
Health, Bethesda, Md ) 

2 Wash off the growth from a 48-72 hour cul- 
ture on a glucose-cystine blood agar slant 
with 1 cc of sterile 085% NaCI solution. 

3 Inoculate this suspension onto the snrface of 
glucose-cystine blood agar in a Kolle flask 
or Blake bottle 

4 Incubate 72 hours at 37°G 

5 Wash off with 15 cc. of 0 5% formalin in 
085% NaCl solution and place in a 50 cc. 
centrifuge tube 

6 Centrifuge, pour off the supernatant fluid, and 
resuspend in the same amount of formalized 
saline solution. 


7. Place in the refrigerator for 7 to 10 days, ten 
for sterility. 

8 This is the stock antigen. 

9 Dilute for the test with formalized saline so 
the suspension is comparable to tube No 4 of 
McFarland s ncphclometcr. 

IV. Macroscopic Agglutination Test. 

A. Method — see Table 41. 

1 Place 10 small test tubes in a rack and add to 
each one, except the first, 0 5 cc. of 0 85% 
Nad solution 

2 Make a 1-10 dilution of the patient’s serum 
with the Nad solution and add 0 5 cc. to the 
first and second tubes only 

3 Shake the second tube and with a pipette 
transfer 0 5 cc to the third cube 

4 Shake this tube and transfer 0 5 cc to the 
fourth tube and so on through the ninth rube 
from which 0 5 cc is discarded 

5 The tenth tube serves as a control and con 
tarns only 0 5 cc of Nad solution without 
any serum 

6 Add 0 5 cc of antigen to each tube. 

7 Mix all the tubes thoroughly by shaking 

B Incubation Period. 

1 Tests using H antigens should be incubated 4 
hours at 52*G and then placed in the refnger 
3tor overnight before reading 

2 Tests using “O” antigens should be incubated 
overnight at 52 °G and then read 

3 Tests using Brucella antigens should be iscu 
bated for 48 hours in a 37 C G incubator 

4 Tests using P tularensis antigen and Proteus 
antigens should be incubated for 2 hours at 
37°G and placed in the refrigerator over 
night before reading 

5 Tests for Shigella, Salmonella, and Brucella 
may be shaken for 6 minutes in the same 
manner as for Kahn tests and then incubated 
for 4 hours at 37*G The test can either be 
read immediately after centrifuging the tubes 
a few minutes at low speed or after placing 
them in the refrigerator overnight. 

G Reading of Test . 

1 Obsene esery tube for clearing of the super 
natant fluid 

2 Shake the tube gently and observe the amount 
and character of agglutinated particles H 
agglutinins produce floccular clump when 
are easily broken up, while O agglutinins pro- 
duce trrannlar clumps. 

3 Complete agglutination with complete clear 
mg of the supernatant fluid indicates a 4 pins 
reaction. Decreasing amounts of aggiutin* 
non and increasing cloudiness of the super 



BACTERIOLOGY 


195 


Table 41 Agglutination Test for Bacterial Antibodies 


Tube 

0 85% Nad 
solution 
tn cc 

'■= = 

Serum 
in cc 

v — — - 

Antigen 
in cc 

Final dilution 
of serum 

. . 

1 


0 5 of 1 10 

05 

1 20 

2 

05 

0 5 of 1 10 

05 

1-40“ 

3 

OS 

0 S of 1 20 

05 

1 80 

4 

os 

0 5 of 1-40 

0.5 

1 160 

5 

05 

0 5 of 1 80 

05 

1 320 

6 

05 

0 5 of 1 160 

05 


7 

05 

0 5 of l 320 

05 

1 1280 

S 

05 

0 5 oft 640 

05 

1 25 60 

9 

05 

05 of! 1280* 

05 

1 5120 

10 (Control] 

05 


05 



•Discard 05 cc. from this tube 

••Final dilution is 1-40 because 05 cc is transferred from Tube 2 to Tube 3 leaving 05 cc. of the serum-saline 
mixture in Tube 2 


natant fluid are read as 3, 2, and 1 plus re- 
actions 

4 The control tube and the negative tubes will 
be cloudy without any agglutination 

V. Interpretation of Results. 

A Negative Remits. 

1 Patient does not have infection for which the 
test was made 

2 The sample of blood was taken before the 
appearance of agglutinins in the serum. See 
Table 42 for appearance of agglutinins in 
various diseases 

3 A negative test followed within a week or 
10 days by repeated positive tests with a pro- 
gressively increasing agglutination titer is defi- 
nite evidence of active infection 

B Positive Remit*. 

1 j jypfoid feverA 

\_/_XJ^duasW-^H-definite present infection 

1) Three or 4 plus in a 1-80 or higher 
dilution with O antigen 

2) Three or 4 plus m a 1-80 or higher 
dilution with H antigen 

b Indication of a past infection, recent vac 
cination, or of a earner 

1) Three or 4 plus in a 1-80 or higher 
dilution with H antigen. 

2) Little or no agglutination with O anti 
gen. 

2 Dysentery — -a positive reaction of 1-80 is con 
sidered significant. 

3 Brucellosts— a positive reaction of 1-40 or 
over suggests infection, past or present An 
increase m titer of Brucella agglutinins occurs 
for several years after vaccination for cholera 
and may result in an erroneous diagnosis of 
brucellosis 

4 Tularemia 

a. A positive reaction of 1-40 or over sug- 
gests definite infection. 


b Cross agglutination with the Brucella 
group must be ruled out. 

5 Rjc%ettstal Diseases 

a Agglutination in a dilution of 1-80 is sus 
picious, while 1-160 is considered positive 
b This is the Weil Felix reaction using anti 
gens of Proteus OX 5£ >, Proteus OXo* and 
Proteus OXK 

c Tor routine tests Proteus OX 10 is usually 
sufficient. 

d Typhus fever (epidemic and munne) eg 
gluamns usually give a strongly positive 
test with only OX 10 a weak agglutination 
with OX 2 , and none with OXK. 
e Rocky Mountain spotted fever agglutinins 
will give either a strong agglutination with 
OX 10 and a weak reaction with OX 2 , or a 
weak agglutination with OXi 0 and a 
strong reaction with OX 2 , the agglutinins 
do not react with OXK 
f Scrub typhus (Tsutsugamushi fever) ag 
glutinms will give a strong agglutination 
with OXK only 

g “Q” fever agglutinins will not agglutinate 
the three antigens 

h There may be cross-agglutinaoon with 
the Brucella group 

Agglutination Test for Heterophil Antibodies 

I Agglnhnins for sheep celle are increased in 
infectious mononucleosis and serum sickness 
These are called heterophil antibodies because 
they are produced by an anngen which, w hen 
injected into certain animals, will elicit not 
only specific antibodies but also nonspecific 
antibodies, the presence of the latter is demon- 
strable by their reaction with antigens other 
than those involved in their production For ex- 
ample, tissues of guinea pigs, horses, nuce, and 
chickens, as well as human erythrocytes of 
group A and group AB, contain a protein in 
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Table 42 Interpretation or Agglutination Tests 



Appearance of 
agglutinins 

Maximum height 
of agglutinins 

Positive 

titer 


7 10 days 

3-5 u eeks 

1-80 


7 10 days 

3 5 weeks 

1 E0 

Dysentery (Shigella group) 

2nd week 

2nd week 

2 3 w ecks 

3 6 weeks 

1-40 


4 5 days 

4 7 weeks 

1-40 


4 5 days 

1 2 weeks 

1 160 

Infectious mononucleosis 


At he ght 
of fever 

1 112 


combination with lipoid and polysaccharide 
haptens capable of producing an agglutinin 
and hemolysin for sheep corpuscles when in 
jected into rabbits. The agglutinins for sheep 
cells in infectious mononucleosis can be dif- 
ferentiated from those in normal serum and 
from those in serum of patients with either 
serum sickness or who have recently been in 
jected with horse serum by absorption tests 
with kidney tissue of guinea pigs and beef 
erythrocytes, see Table 43 

Table 43 Agglutinins for Sheep Erythrocytes 
in Human Serum 


Type of serum 

Absorbed by 
guinea p g kidney 

Absorbed by 
beef erythrocytes 



_ 

Infectious 


+ 

Scrum sickness 

+ 

+ 


IL Davidsoltn’d Method. 


A. Material* Required. 

1 Patient's Serum 

a. Obtain serum as described for the Was- 
sermann test, page 226 
h Inactivate in a water bath at 56°C for 
30 minutes 

2 Sodium Chloride Solution— 0 85% 

3 Sheep Corpuscle Suspension — 2% 

a Cells must be at least 24 hours old and 
not more than 1 week old 
b Wash the cells 3 times with 0 85% NaCl 
solution on the day they are to be used 
in the same manner as for the WasSermann 
test, page 222 

c The supernatant fluid after the third cen- 
trifugation must be clear and colorless 
d. Make a 2% suspension of the thoroughly 
packed cells in 0 85 % NaCl solution 

D. Method. 

1. Place 12 test tubes, about 10 by 75 mm., in 
a rack and add 04 cc. of 0 85% NaCl solu- 
tion to the first tube and 0 25 cc to the re- 
maining 11 tubes, see Tabic 44 

2. Add 0 1 cc. of inactivated serum to the first 


tube and mix thoroughly 

3 Transfer 0 25 cc of the mixture to the second 
tube and mix. 

4 Continue to tube 1 1 and discard 0 25 cc. of 
the mixture from this tube 

5 Tube 12 serves as a control containing only 
0 25 cc of Nad soluuon 

6 Add 0 3 cc of a 2% sheep cell suspension 
to each of the 12 tubes 

7 Shake the tubes and leave at room tempera 
ture for 2 hours 

8 Shake the tubes gently until the entire sedi 
went is suspended ana report the amount of 
agglutination as follows 

+ + + = cell* remain in the form of a single damp. 
+ + ss cells break op into distinctly visible 
dumps and the fluid is dear and trans- 
parent. 

+■ = fine dumps of cells when the test tube a 
placed horizontally on the stage of s 
microscope and observed with the low 
power objective 

C. Interpretation. 

1 The following titers are for final dilutions. 

2 Normal— a a ter of 1-28 with an occasional 
1-56 

3 Serum sickness may ewe titers as high as 
1-224 

4 Recent injections of horse serum without sc- 
rum sickness may give a titer of 1-56 or 1-1 H 

5. Infectious mononucleosis 
a. A uter of 1-56 is suspicious 
b A titer of 1-112 in a person, who gi res 
no history of having received injection* 
of horse serum in the recent pasr, in all 
probability indicates the person has inf« 
dous mononucleosis if he presents the 
clinical and hematological findings 
c A nter of 1-224 is considered posimc 
even if there is a history of administra 
oon of horse serum, unless the patient is 
suffering with serum disease or has very 
recently recovered from it 
d A small percentage of cases of infectious 
mononucleosis have a normal dter 

6 The serum of padents with lymphatic leuKe- 
mia show no agglutinanon in dters above I 7 
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Table 44 Agglutination Test for Heterophil Antibodies 


Tube 

0 8a% NaCl 
solution 
in cc. 

Serum m _ 

cc 

cc of 2% 
sheep cells 

Final dilution of 
serum 

1 

0 4 

0 1 

0 1 

1 7** 

2 

0 25 

0 25 of 1 5 

0 1 

1 14 

3 

0 25 

0 25 of 1 10 

0 1 


4 

0 23 

0 25 of 1 20 

0 1 

1 56 

5 

0 25 

0 25 of 1-40 

o 1 

1 112 

6 

0 23 

0 25 of 1-S0 

O 1 

1 224 

7 

0 25 

0 25 of 1 160 

0 1 

1-448 

8 

0 25 

0 25 of 1-320 

0 1 

1 896 

9 

0 25 

0 25 of 1 640 

0 1 

I 1792 

10 

0 25 

m-LF? SB HJi 

0 1 

1 3584 

11 

0 25 

i»i*S 1 

0 1 

1 7168 

12 (Control 

0 25 


0 1 



•Discard OJS cc. from this tube. 

••Final dilution is 1 7 because 0.25 cc. is transferred from Tobe 1 to Tnbe 2 leaving 0i2J cc. of the serum -saline 
mixture m Tube l 


HL Absorption Teste to Differentiate Types 
of Heterophil Agglutinins. 

A. Guinea rig Kidney Antigen. 

1 The kidneys of guinea pigs may be kept 
frozen in the refrigerator unci needed. 

2 They are thawed, cut into large pieces, and 
washed repeatedly with 0 85% Nad solu- 
tion until the washings are free of blood. 

3 Place m a mortar and mash to a fine pulp 

4 Make a 20% suspension in 0 85% Nad solu 
non and boil for 1 hour in a water bath 

5 Make up the loss of fluid by evaporation 
with distilled water 

<5 Add enough phenol to make a 0 5% solution 
and the suspension will keep many months 
in the refrigerator 

B. Beef Corpuscle Antigen. 

1 Wash defibnnated beef corpuscles 3 times 
with 0 85% Nad solution in the same man 
ner as washing sheep cells for the Wasser 
mann test, page 222 

2. Make a 20% suspension of the packed cells 
by adding 4 volumes of 0 85% Nad solu- 
tion and bod for 1 hour in a water bath. 

3 Make up the loss of fluid by evaporation 
with distilled water 

4 Add enough phenol to make a 0 5% solution 
and the suspension will keep many months 
in the refrigerator 

C. Absorption. 

1 Place 1 cc. of the 20% suspension of guinea 
pig kidney in 1 test tube and 1 cc of the 
20% beef corpuscle suspension m another 
test tube 

2 Add 0 2 cc of the patient’s serum which 
has been inactivated for 30 minutes at 56°C. 
to each tube. 

3 Shake and let stand at room temperature for 


1 hour, shaking at 15 minute intervals 

4 Centrifuge at 1500 revolutions per minute 
for 10 minutes and remove the supernatant 
fluid with a capillary pipette, this is a 1-5 
dilution of the serum. 

5 Repeat the test for heterophil antibodies as 
described under Davidsohn s method for each 
antigen, except use the above absorbed serum 
as follows 

a Place 02S cc of the 1-5 serum dilution 
in the first tube which should not con 
tain any Nad solution 
b Place 0 25 cc. of the 1 5 serum dilution 
m the second tube which contains 025 
cc. of NaQ solution, mix, and transfer 
0 25 cc to the third tube, etc 

D. Interpretation. 

1 The guinea pig kidney antigen will not ab 
sorb the agglutinins found in infectious mono 
nucleosis so the titer will remain high, how- 
ever, it may be one-fourth lower than with 
unabsorbed serum due to the absorption of 
the normal agglutinins for sheep cells 

2 If all the agglutinins are removed the dis- 
ease in question is not infectious mononucle 
osis 

3 The beef corpuscle antigen will absorb al 
most all the agglutinins for sheep cells so die 
titer should not be more than that found with 
normal serum This is only a confirmatory 
test. 

4 See Table 43 

Vomnes ond Fillralea 
L Autogenous Vaccine. 

A. Obtaining the Bacteria. 

1 Make a smear of the material from the pa 
bents lesion and stain by Gram’s method. 

2. Streak the material on a blood agar plate or 
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on other media in plate form depending on 
the organisms founa in the smear 

3 Incubate 24 hours. 

4 Pick typical colonies make smears, and stain 
by Grams m*thod to determine the kind of 
organisms 

5 Obtain each organism in pure culture by 
streaking out on a plate 

6 Pick smooth colonies of each organism pres 
ent and make 4 glucose agar slants or broth 
cultures depending on which the organisms 
grow best. 

B Making Suspension. 

1 From Agar Slants 

a Add a few cc. of stenle 0 85%Nad sola* 
tion to each of the agar slants to wash off 
the growth and, if necessary, rub off the 
growth with a platinum loop 
b Transfer the washings from all 4 agar 
slants to a stenle 50 cc. centnfuge tube 
and centnfuge for 30 minutes at high 
speed 

c Pour off the supernatant fluid add 2 or 
3 stenle beads, and shake thoroughly to 
break up all the clumps 
d Dilute to 10 cc with stenle 0 85% Nad 
solution. 

2 Broth Cultures 

a Pour contents of each of the 4 cultures 
into a stenle 50 cc centnfuge tube and 
centnfuge for 30 minutes at high speed 
b Pour off the broth and add sterile 0 85% 
Nad solution to the sediment and mix. 

c. Centnfuge and pour off the supernatant 

d Add 2 or 3 stenle glass beads and shake 
to break up all the dumps 
e. Dilute to 10 cc. with stenle 0 85% Nad 
solution. 

C. Sterilisation . 

1 Chemical Method 

a. Add 1 cc of 5% phenol solution per 10 
cc of concentrated bacterial suspension 
(15 20 billion per cc ) 
b Allow to stand at room temperature for 
3 days 

c Culture for sterility by pipetting 0 1 cc 
of the suspension into a tube of thiogly 
collate glucose broth 

d. If no growth appears after 72 hours tn 
cubaoon dilute to the desired number of 
bactena by adding 0 5% phenolized 0 8S% 
Nad solution. 

e. Transfer to a sterile vaccine bottle and 
culture after 24 hours as above 


2 Heat Method 

a Heat die bactcnal suspension in a water 
bath at 58°C for 1 hour 
b Culture for sterility by pipetting 0 1 cc 
of the suspension into a tube of thiogl) 
collate glucose broth and incubate for 72 
hours 

c In the meantime keep the bactcnal sus- 
pension in the refrigerator 
d If there is growth in the broth the sus 
pension must be placed in the water bath 
again for 1 hour and cultured as above 
e. If no growth is found, add 1 cc of 5% 
phenol solution and then standardize the 
suspension to the desired number of bac 
tens by adding 0 5% phenolized 085% 
Nad solution 

{ Transfer to a stenle vaccine bottle and 
culture after 24 hours as above 

3 Combination Heat and Chemical Method 

a Add 1 cc of 5% phenol solution to the 
bacterial suspension and heat as described 
under heat method for 30 minutes, 
b Place in the refrigerator for 4 days and 
then culture for sterility as desenbed un 
der the other 2 methods, 

c. If not stenle, culture again at the end of 
1 week. 

d When stenle transfer to a vaccine bottle 
and culture after 24 hours as above. 

D Standardization. 

1 Counting Method 

a Make an erythrocyte count on the oxa 
Iated blood to be used 
b Place a wax pencil mark about 2 inches 
from the tip of a capillary pipette. 

c. Draw up the following consecutively w 
the pipette 

1) Oxalated blood to the pencil mark and 
then air for about 5 to 10 nun. 

2) Bacterial suspension to the pencil mar* 
and then air for about 5 to 10 mm. 

3) Nad solution (0 85%) to the pencil 
mark and then air the length of the 
capillary portion of the pipette. 

d. Mix this suspension thoroughly in the 
pipette above the capillaiy portion. 

e. Make 3 or 4 smears or the suspension 
and stain with Wnghts stain. 

f Place a Wh pple ey epiece micrometer in 
the microscope Instead of a micrometer 
a piece of paper the size of the e) epteef 
and with an opening 5 mm square cut 
in the center may be placed in the e)C 
piece. This reduces the size of the field- 
g Count the number of erythrocytes ana 
bacteria in 20 fields (or until 1000 erytn 
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rocytes are counted) and determine the 
number of organisms per cc. of vaccine 
h Calculation. 

No. bacteria per cc — -- — ~ 
c 

a— No of bacteria counted in 20 fields. 
b=No of erythrocytes in each cc of oxalated 
blood (erythrocyte count times 1000 to ob- 
tain number per cc) 

C— No of erythrocytes counted in 20 fields. 

u Dilute organisms with sterile 0 85% NaQ 
solution containing 0 5% phenol to make 
the proper suspension 

2 Turbidity Method 

a. The correct suspension is obtained by di 
luung with sterile 0 85% NaQ solution 
containing 05% phenol until the cloudi 
ness compares with known standards of 
killed organisms or with McFarland s 
nephelometer 

b Standards of Killed Organisms 

1) These standards ate made of killed or 

f anisms that have been counted as 
escribed under I 

Staphylococcus — 5 billion per cc 
Streptococcus and other organisms — 1 
billion per cc 

2) They should be sealed m test tubes 
of the same diameter as the tubes used 
for diluting the vaccine ' 

c McFarland's Nephelometer 

I) Arrange 10 large test tubes the same 
size as used in diluting vaccines, in a 
rack and label 1 to 10 
2) Add a 1% solution of anhydrous 
barium chloride and a 1% (by vol 
ume) cold solution of chemically pure 
sulfuric acid according to Table 45 

3) Seal tubes and keep m refrigerator 

4) When the fine white precipitate of 
banum sulfate is shaken up well, each 
tube has a different density corre 
sponding approximately to bacterial 
suspensions as given in Table 45 


Tahlr 45 McFarland’s Nephelometer 


Tube 

Banum 
chloride (1%) 

Sulfunc 
ac d (1%) in 

Correspond ng 
bacterial 

suspens on per cc. 

1 

01 

99 

300 000 000 

2 



600 000 000 

3 


97 

900 000 000 

4 


96 

1 200 000 000 

5 


95 

1 500 000 000 

6 



1 800 000 000 

7 


93 

2 100 000 000 

fi 


92 

2 400 000 000 

9 



2 700 000 000 

10 

10 

90 

3 000 000 000 


II. Sputum Vaccine. 

A. Isolate organisms as described under sputum 
culture 

B Mai e a vaccine of each organism as de 
scribed under autogenous vaccine 

1 The vaccine of each organism may be kept 
separate and used in this manner 

2 The vaccines of the various organisms may be 
mixed m the proportion m which they oc- 
curred in the original smear of the sputum 
and used as a mixture. 

HI Bacterial Filtrate (Bacterial 
Autolysate). 

A. Preparation. 

1 Inoculate 200 cc. of glucose broth with a 
loopful of a pure culture of the organism 

2 Incubate at 37°G for 6 days 

3 Add 1 cc of melted phenol, drop by drop 
with continual shaking This makes a 0 5% 
solution of phenol 

4 Place m the refrigerator overnight, pass 
through a sterile Seitz filter, and transfer to 
stenie vaccine bottles 

B Test for Sterility 

1 After standing 3 or 4 days, remove 02 cc. 
with a stenie needle and synnge and place 
in thioglycollate glucose broth 

2 Incubate for 72 hours and if there is no 
growth the filtrate may be used 

3 if growth appears, the filtrate must be dis- 
carded and a new autolysate must be pre 
pared 

Guinea Pig Inoculation for Tubercle Bacilli 
I Pas 

A. Inoculation. 

1 Always make 2 smears of the pus first, stain 
l with LoefBet's methylene bine solution im- 
mediately to ascertain whether or not there 
are many bacteria present and stain the other 
smear by the Ziehl Neelsen method for acid 
fast organisms. 

2 If no bacteria are found with the methylene 
blue stain, inject 1 cc subcutaneously in the 
groin of a guinea pig weighing *about 300 
gm and 1 cc mtrapentoneaUy 

3 If there are a few organisms present, inject 
1 cc. subcutaneously only 

4 If the pus is very thick it can be diluted with 
stenie 085% NaQ solution before injecting 

5 Weigh the guinea pig 

6 If the guinea pig cues in less than 2 montlis 
« ergh and autopsy 
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7 If the pig does not die in 2 months, kill, 
weigh and autopsy 

B Positive Autopsy Finding* 

1 Enlarged caseous lymph glands are found m 
the groin on the side of the inoculation 

2 Multiple tubercles up to 2 or 3 nun in 
diameter are found m the spleen and usually 
m the liver 

3 The spleen is usually 2 to 3 times normal size 

4 Enlarged caseous lymph glands are often 
found m the omentum 

5 Make smears of the cut surface of the caseous 
lymph glands and the spleen 

6 Stain the smears by the Ziehl Neelsen method 
and examine for tubercle bacilli 

IL Urine. 

A. Inoculation 

1 Urine should be a cathetenzed specimen and 
must be kept free from contamination. 

2 Centrifuge the entire specimen in 50 cc. 
sterile centrifuge tubes at a high rate of speed 
for 45 minutes If the specimen is small and 
appears concentrated, dilute with stenle dis 
tilled water to a pale straw color before cen 
tnfuging 

3 Remove the upper 1 cc. layer with a stenle 
pipette decant the supernatant fluid and add 
die urine m the pipette to the sediment and 
mix 

4 Make 2 smears of the sediment, stain 1 with 
Loefflers methylene blue solution immedi 
ately to see if there are any other bactena 
present and stam the other smear by the 
Ziehl Neclscn method for acid fast organisms 

5 If no bactena are found with the methylene 
blue stam inject part of the sediment sub 
cutaneously mto die groin of a guinea pig 
weighing about 300 gm. and the remainder 
intrapentoneally 

6 If there are many bactena present, digest 
with 5% oxalic acid as desenbed under urine 
culture for tubercle bacilli on page 178 and 
then inject subcutaneously mto the groin of 
a guinea pig 

7 Weigh the guinea pig 

B Autopsy 

1 If the guinea pig dies in less than 2 months 
weigh and autopsy 

2 If the pig does not die in 2 months weigh 
kill and autopsy 

3 See positive autopsy findings under pus (I) 

HI Body Fluids (Pleural, Ascitic, or Spinal 
Fluid) 

A. Inoculation 

l Place in a stenle centrifuge tube and centn 


fugc at a high rate of speed for 45 minutes 

2 Pipette 1 cc from the very top of the fluid 
and pour off the supernatant fluid. 

3 Add the fluid in the pipette to the sediment 
in the tube and mix 

4 Make 2 smears of the sediment stam 1 with 
Loefflers methylene blue solution to see if 
bactena are present and stain the other smear 
by the Ziehl Neelsen method for acid fist 
organisms. 

5 If no bactena are found with the methylene 
blue stain, inject part of the sediment sub- 
cutaneously into the grom of a guinea pig 
weighing about 300 gm and the remainder 
intrapentoneally 

6 If there are many organisms present, digest 
with 5 % oxalic acid as desenbed under unne 
culture for tubercle bacilli on page 178 and 
then inject subcutaneously into the groin of 
a guinea pig 

B Autopsy 

1 If the guinea pig dies in less than 2 months, 
weigh and autopsy 

2 If the pig does not die in 2 months, wegh 
kill, and autopsy 

3 See positive autopsy findings under pas (I) 

IV Sputum 

A. Di£c*fion Use one of the methods desenbed 
m the Section on Sputum on page 149 

B Inject sediment subcutaneously mto the 
groin of a guinea pig weighing about 300 gm- 

1 If the guinea pig dies in less than 2 months, 
weigh and autopsy 

2 If the pig does not die in 2 months, weigh 
kill and autopsy 

3 See posiDve autopsy findings under pus (1) 

V. Fccp» 

A. Digestion Use the method described under 
tubercle bacilli m Section on Feces on page 
128 

B Inject sediment subcutaneously mto the 
grom of a guinea pig w eighmg about 300 gnt 

1 If the guinea pig dies in less than 2 months, 

weigh and autopsy , 

2 If the pig does not die m 2 months weign 

kill, and autopsy .. 

3 See positive autopsy findings under pus (*/ 

YL Cnstric Washing 

A. Inoculation. 

1 Obtain gastric washings as described in Sec- 
tion on Gastric and Duodenal Contents an 
centrifuge at a high rate of speed for 45 mm- 
utes. 
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2. Save any surface scum or mucus which has 
not settled to the bottom of the tube by 
either removing it with a pipette or holding 
it back with an inoculating needle while pour- 
ing off the supernatant fluid. 

3. Add the scum or mucus to the sediment and 
digest with an equal volume of 2% N3OH 
by placing in the 37°C. incubator for 30 
minutes, shaking occasionally. 

4. Neutralize by adding 5% HQ until a green 
color appears using bromthymol blue as the 
indicator. Add 1 or 2 more drops of acid 
to obtain a fine precipitate. 

5. Add sterile 0.85% NaCi solution to fill the 
tube. 

6. Centrifuge again at a high rate of speed for 
45 minutes and pour off the supernatant fluid. 

7. Add 2 cc. of sterile 0.85% NaG solution, 
mix with the sediment, and inject subcutane- 
ously into the groin of a guinea pig weighing 
abour 300 gm. 

B. Autopsy. 

1. If the guinea pig dies in less than 2 months, 
weigh and autopsy. 

2. If the pig does not die in 2 months, weigh, 
kill, and autopsy. 

3. See positive autopsy findings under pus (I). 

VII. Tissue. 

A. Preparation — grind in same manner as for 
culture, see page 184. 

B. Inject 1 cc. of the suspension subcutaneously 
into the groin of a guinea pig and 1 cc. intra- 
peritoneally. 

1. If the guinea pig dies in less than 2 months, 
weigh and autopsy. 

2. If the pig does not die in 2 months, weigh, 
kill, ana autopsy. 

3. See positive autopsy findings under pus (I). 

Diphtheria Virulence Test 

L Principle: The same animal is used for the 
“test” and “control” injections. A suspension 
of the culcure to be tested is injected intra- 
cutaneously into a nonimmune animal; 4 to 5 
hours later, diphtheria antitoxin is given intra- 
peritoneally or intravenously, ana the^ same 
suspension again injected as a control into a 
different area of the skin of the same animal. 
The characteristic reaction of the skin pro- 
duced by virulent diphtheria bacilli or toxin 
is not altered by the antitoxin because the 
damage done, during the time interval when 
the animal was not immune, is not repaired. 
The animal is rendered immune by the anti- 
toxin, and the tissues are protected against a 
subsequent (control) injection of virulent 
diphtheria bacilli. 


n. Materials Required. 

A. Animal. 

1. A white guinea pig weighing between 300 
’ and 400 grams is used for the test, 

2. Clip the hair on the back and flanks of the 
animal with an electric clipper. 

3. Mark off squares approximately 4 cm. with 
an indelible pencil by drawing a line along the 
middle of the back of the animal and subse- 
quent lines parallel and at right angles to it. 

4. Do not use areas having pigmented skin, or 
areas anterior to the shoulder girdle, or over 
the sacrum. 

B. Suspension of Culture. 

1. Make a heavy, uniform suspension of the 
suspected organisms by adding 2 or 3 cc. of 
meat infusion broth to an 18 hour pure culture 
on Loeffler’s serum medium. 

2. The suspension should be the same density as 
the No. 3 tube of McFarland’s nephelometer. 

3. Use a tuberculin syringe and a 2<5 gauge needle 
for the injections. 

ID. Teat Proper. 

A. Injection of Guinea Pig. 

1. Inject 0.1 cc. of the suspension of suspected 
organisms intracutaneously in one of the 
marked areas of the guinea pig. (The suspen- 
sion may be kept in the syringe and stored in 
the refrigerator until the next injection.) 

2. Four hours later inject 500 units of diphtheria 
antitoxin intraperitoneally. 

3. One-half hour after the injection of the anti- 
toxin, again inject 0.1 cc. of the suspension of 
organisms intracutaneously in a fresh area. 

4. A positive control (known virulent, toxigenic 
strain of diphtheria) should also be injected 
before and after antitoxin. 

B. Reading Results. 

1. Read 48 hours after the inoculations. 

2. The positive control (known virulent diph- 
theria organisms) injected before the anti- 
toxin should give a reaction consisting of a 
central necrotic area 2 to 5 mm. in diameter, 
surrounded by a zone of redness 10 to 15 mm. 
in diameter. A central hemorrhagic area is 
usually present. 

3. The positive control injection after the anti- 
toxin usually exhibits a small pinkish papule 
about J mm. in diameter. 

4. If the unknown organism gives a reaction 
similar to that of the known positive control, 
it is a virulent (toxigenic) organism. 

5. An experienced technician need not use 0 
positive control; however, if a field (not pure) 
culture is injected a positive control must be 
used. 
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Darkfield Examination 

L Principle! Darkfield illumination consists in 
blocking out the central rays of light and 
directing the peripheral raps against the 
microscopic object on the slide Only those 
rays which stake the object arc reflected up- 
ward and pass into the objective The object 
appears bright upon a black background 

II Apparatus Necessary 

A. DarJ field Condenser. 

1 It is a paraboloid condenser and is inter 
changeable with the regular substage Abbe 
condenser 

2 Remote the Abbe condenser from its sub- 
stage adjusting sleet e and fasten the darkfield 
condenser in its place 

3 The upper lens surface must be in the plane 
of the upper surface of the stage or a little 
higher to assure close contact ttith the under 
surface of the glass slide. 

4 The diaphragm of the condenser should be 
wide open 

B Funnel Stop 

1 The regular oil immersion lens has too great 
a numerical aperture for darkfield examina 
oon. 

2 Insert a funnel stop apex down, in the oil 
immersion lens by unscrewing the threaded 
end 

3 Screw the threaded end back in place and 
screw the lens back in the nose piece of the 
microscope 

4 This is not necessary if one has a special oil 
immersion lens with a numerical aperture of 
0 80 

C. Lamp 

1 A 6 volt ribbon filament bulb lamp (large 
microscope lamp) or a carbon arc lamp is 
placed about 12 inches in front of the micro- 
scope. 

2 The beam of light should nearly fill the plane 
mirror 

3 When a carbon arc lamp is used it is desirable 
to interpose a piece of ground glass between 
the light and mirror after the condenser has 
been focused 

HI Method 

A. Adjusting Microscope 

1 Set up the darkfield microscope (see appa 
ratus necessary) in a darkened room 

2 Adjust the plane mirror so that the dim re 
fleeted light spot from the mirror is reflected 
back into the light source from the lamp 

3 The low power objective is focused on the 


upper surface of the condenser before placing 
the preparation on the stage 

4 When some light passes into the condenser 
even though the illumination is not uniform, 
a small circle will be seen scratched upon the 
surface of the top lens The circle is in the 
center of the lens and it must be placed in the 
exact center of the field by means of the 
centering screws on the condenser 

B Preparation of Smear to be Examined 

1 Lesions should be thoroughly cleaned with 
gauze soaked jn stenie saline to remove the 
surface crust, detritus, and contaminating 
organisms 

2 Dry and collect scrum from the depth of the 
lesion by means of a fine capillary pipette. 

3 Place a small drop of the material on a scrupu- 
lously clean new slide (145 to 155 nan. 
thick) and cover with a clean No I cover 
glass Avoid am bubbles 

4 fhe emulsion must be thin as too many 
articles will cause too much scattering of 
ght and diminish the sharpness of the field. 

The correct thickness of the smear is obtained 
when the material just reaches to the edges of 
the cover glass when slight pressure is put on 
the cover glass 

5 There must not be too much debris, pus, or 
blood. 

C. Examination of Smear. 

1 Lower the substage and place a drop of cedar 
oil, free from bubbles, on the upper surface 
of the condenser 

2 Place the slide preparation on the stage and 
center the specimen. 

3 Raise the substage until the oil is spread by 
contact with the slide, filling the space be 
tw een the slide and condenser 

4 Examine the smear with the low power ob- 
jective If the condenser is m the proper 
position, a circle of light will appear in the 
center of the field. 

a. If the condenser is too high or too low a 
nng of light snth a dart center will be 
seen 

b Raise or low er the condenser until a circle 
is obtained 

5 Place a drop of oil on the smear and examine 

with the oil immersion lens. . 

6 The background should be dark and tne 
scattered bodies in the field should be bm 
bantly illuminated Slight adjustment of tne 
height of the condenser position of the mu 
ror and closing the diaphragm may improve 
the brilliance of the illuminated bodies 

7 Treponema pallidum n ., 

a. Cylindrical, flexible, delicate body 0 2 ) 
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to 0.3 wide by 6 to 14 microns long. 

b. Ends are pointed, sometimes prolonged in 
delicate terminal filaments. 

c. Body coiled in 8 to 14 regular rigid sharp 
spirals with a spiral amplitude of about 1 
micron and spiral depth of 0.5 to 1 micron. 

d. May show one or more slight, undulating 
curves. 

e. Motility chiefly rotational with slow, 
graceful undulations. 

f. Treponema pallidum never shows double 
contours under the darkfield. 

The following nonpathogenic Treponema and 

Eorrelia may be confused with pallidum in 

material from lesions on the genitalia. 

a. Treponema genitalis. 

1) Cylindrical body 0.25 to 0.3 by 3 to 
14 microns, average length 7 to 10 
microns. 

2) Body has 7 to 10 spirals with an ampli- 
tude of about 1 micron and a depth of 

0.2 to 0.5 micron. 

b. Treponema calltgy rum. 

1) Cylindrical body 0.35 to 0.4 by 6 to 
14 microns, average length 9 to 12 
microns. 

2) Ends are sharp points with delicate 
projections. 

3) Boay has 5 to 8 spirals with an ampli- 
tude of about 1.6 microns and depth 
about 1.0 to 1.5 microns. 

c. Borrella refringenr. 

1 ) Body is 0.5 to 0.75 by 6 to 20 microns. 

2) The number of curves differs, their 
amplitude is 3 microns. 

3) The ends are pointed with curved, 
flagella-like projections 

d. Borrelta phageaenis. 


1) Body is 0.7 to 0.8 by 10 to 15 microns 
showing 1 or 2 curves. 

2) The extremities are fairly pointed. 

9. The following nonpathogenic Treponema 
may be confused with pallidum in smears 
from mucous patches of the mouth. 

a. Treponema microdentium. 

1) Length about 8 microns and less than 
0.25 micron in thickness in middle, 
tapering toward each extremity which 
is pointed. 

2) Average of 14 spirals. 

3) Motility is characterized by rapid ro- 
tation and its flexions, which are rarely 
present, are stiff. 

b. Treponema macrodentium. 

1) Body is 0.7 to 1.0 by 3 to 8 microns 
with abruptly tapering extremities. 

2) Spirals vary from 2 to 8. 

c. Treponema nwcosum. 

1) Body is 0.25 to 0.3 by 8 to 12 microns; 
both extremities are sharply pointed 
and often possess a minute curved 
projection, 8 to 10 microns long. 

2) Spirals vary from 6 to 8. 

IV. Sources of Error in Darkfield 
Examination. 

1. Insufficient illumination. 

2. Condenser out of focus or deccntered. 

3. Glass slide or cover glass too thick. 

4. Preparation too dense. 

5. Failure to use funnel stop of correct numeri- 
cal aperture. 

6. Failure to close iris diaphragm. 

7. Inclusion of air bubbles in the preparation or 
in the oil above or below the slide. 
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I. General Considerations 

A. Fungi arc important infectious agents be- 
cause of 

1 The direct effects of infection with these 
organisms, as m actinomycosis, sporotricho- 
sis, various derma tomycoses, etc. 

2 Allergic phenomena resulting from the de- 
velopment of hypersensitivity to their prod- 
ucts, as in some forms of asthma 

3 Combined effects of infection and hyper- 
sensitization, as in athlete’s foot. 

B. Fungi are an important source of anti • 
biotics, such as penicillin 

II OaSHiCcntion. 

4. Pseudomycetes (False Tungi). 

1 Scbtzomycetes— bacteria, Actinomyces, and 
Nocardia 

2 Myxomycetes— slime molds (nonpathogenic) 

B. Fumycefes (True Fungi) are identified and 

classified by the type of colony produced, 
the presence or absence of mycelium, the 
type of my celium, the character of the spores 
and the method of spore development. 

1 Fhycomycetes — characterized by nonseptate 
mycebum, asexual spores (sporangiospores) 
and sexual spores (zygospores and oospores), 
ic, Mucor 

2 Ascomycetes — characterized by septate my- 
celium, sexual spores (ascospores), and asex- 
ual spores (conidia), ie., Saccharomyces 
(yeasts), Aspergillus, PcmciUium, Coccidioi 
dcs, and Dermatophytes 

3 Basidiomycctes — characterized by septate 
mycebum and sexual spores (basidiosporcs), 
i e , rusts, smuts, and mushrooms 

4 Fungi Imperfect i — characterized by septate 
mycebum and asexual spores (thallospores 
and comdia), te, Candida, Ciyptococcus, 
Sporotnchum, Hormodendrum, and Males- 
sezia 


m. Direct Smears for Fnngi. 

A. Dried Smear. 

I. Place a loopful of material on a slide, dry, 

•This material has been outlined from the “Manual of 
dmcal Mycology” by N F Conant, D S Martin, 
D T Smith R D Baker and J L Callaway, published 
by W B Saunders Company 
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fix, and stain cither by Gram’s method or with 

methylene blue solution 

Look for yeast cells and mycelia. 

Moist Preparation 

Place a loopful of material on a sbde and 
while still wet add a drop of 10 Jo KOH o; 
NaOH and then cover with a cover glass. 
Warm gently over a low flame to clear and 
examine with the high dry objective of the 
microscope 

The alkali dissolves the pus and debns in the 
material making the my celia more distinct 
A moist preparation, w ithout alkali, with the 
edge of the cover glass nmmed with vaseline 
may be kept at room temperarure for several 
days for tne observation of mycebal growth 


IV. Cultures for Tungi. 

Folloio directions under the description of 
the particular fungus suspected 
Routine Cultures. 

Inoculate a blood agar plate, 2 Sabourauds 
glucose agar slants, 2 glucose agar slants and 
1 tube of glucose broth When inoculating 
the Sabourauds agar slants use a straight 
inoculating wire so that the material may he 

f ushed into the medium 
ncubate all media at 37°G, except 1 Sabou 
raud s agar slant and 1 dextrose agar slant 
these are left at room temperature in the dark. 
Growth usually appears m from 2 to 7 days 
but cultures shoula be kept 3 weeks before 
reporting negative 


Liltman’s Medium. 

This is an excellent medium to use w hen ma 
terials such as sputum and feces, which con 
tain many organisms, arc to be cultured. 
Formula 

Glucose 8® 

Peptone (Bacto-granular) 

Orgil! (Baeto-dehydrated) lOOgta 

Distilled water 

Crystal violet solution 01 , 

Distribute in flasks m 100 cc portions an 
autoclave at 10-12 lbs pressure for 15 minutes 
( 115-1 17 8 C.) Do not heat over this tempera 
ture or pressure because of the heat instability 
of oxgall 

Store m the refrigerator 
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5 When ready to use, melt agar, coo! to 46 °C, 
and add streptomycin sulfate dissolved in 
sterile 0 85% NaCI solution so that 1 cc. of 
the solution when added to 100 cc of medium 
will give a final concentration of 30 micro- 
grams per cc. of agar 

6 Distribute 27 to 30 cc. in a Pctn dish, leave at 
room temperature 6 to 8 hours, then store in 
the refrigerator 

7 Streak plates with a generous quantity of 
sputum or fecal suspension in saline, and incu- 
bate at room temperature 

8 Crystal Violet Solution 

Crystal violet (91% dye content) * 1.25 gm. 

Ethyl alcohol (9 1%) 25.0 cc. 

Keep m a tightly stoppered bottle 
D IlcnncPs Slide Culture Method 

1 Prepare a glass slide and cover glass as fol 
lows 

a. Wash a glass slide and No 1 cover glass 
(22 x 40 mm ) with alcohol and pass 
through a flame 

b Melt scaling wax and place a small amount 
along the two ends of the cover glass 

2 Inoculate a tube of Sabourauds agar (melted 
and cooled to 45°C.) with a portion of the 
fungus culture and mix by rotating between 
the palms of the hands 

3 With an inoculating needle spread a thin lay er 
of the inoculated agar over an area on the 
prepared slide the size of the cover glass 

4 Flame the cover glass to remelt the scaling 
wax and drop on the glass slide over the agar 
to form a chamber about 1 mm in depth 
scaled at the ends 

5 Support the slide in a covered dish contain 
ing water and incubate at room temperature 

6 Examine daily with the low power objective 
of the microscope for h\ phac with spores. 

7 The slide should be handled carefully, as 
slight jarring will dislodge the spores from 
the hyphae 

E Appearance of Colonies on Glucose Agar, 
t Yeast Colony 

a It appears small, dry, soft, chalky white, 
and opaque somewhat resembling a col 
ony of staphylococcus 
b In old cultures they become quite rough 
and wrinkled 
2 Momha Colony 

a. It appears like a yeast colony on the sur 
face but forms pscudomyceha in the sub- 
strate and is therefore called a yeast like 
colony 

b It is best studied in a moist preparation 
or by Henna s slide culture method. 


3 Fungus Colony 

a It appears fuzzy, is very tough and lath- 
ery m consistency because it is composed 
of feet like myceha, is deeply embedded 
in the agar, and is called a filamentous 
colony 

b Growth spreads over the surface of the 
medium and is usually white, gray, black, 
or varying shades of green. 

F Smears of Grotclh on CuUuret 

1 Make a smear of any growth and stain by 
Gram's method 

2 Tungi are best studied in a moist preparation, 
a If the fungus produces a lignt, cottony 

growth w ell above the surface of the me 
dium, a small portion of this growth may 
be placed m a drop of 0 85% Nad solu- 
tion on a slide ana covered with a covet 
glass. 

b Sometimes it is necessary to cut out a tn 
angular segment from the edge of a col 
ony with a strong straight inoculating wire 
or dissecting needle 

1) A portion of the center of the colony 
should be included in order that well 
developed fruiting bodies and sports 
may be present. 

2) It may be necessary to remove some 
agar 

3) Place the material in a drop of 0 85% 
Nad solution on a slide and cover with 
a cover glass 

4) Carefully press the preparation nnw 
the material is crushed to a thin fUnt 

c Examine with the high dry' objective of 
the microscope 

Y. Terms Applied to Tung! 

A. Hyphae arc long filaments which develop 
from germmanng spores, some may branch. 

1 A septate hypha is one which is divided into i 
chain of cells by cross walls or septa (Fig 
22 A) 

2 A nonseptate hypha is one without septaaons. 

3 A pectinate hypha is one with literal projec- 
tions resembling a comb (Hg 22, B) . 

4 A spiral is a corkscrew like turn of a terminal 
hypha (Hg 22, C) 

5 A nodular body is an enlargement consisting 
of closely twisted hyphae which may |> e 
formed by side branches turning around tW 
main stem or by different filaments (Fig ** 

6 A pseudohypha is a filament formed by budj 
which elongate and do not become detach e 
from the parent cell and by repeated budding 
form a branching network made up of i° n e 
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chains of the attached cells 
7 A contdtophore is a specialized hypha which 
produces comdia, i e , spores (Fig 22, A) 
a In Aspergillus, the end of the comdio- 
phore is swollen (a vesicle) and from this 
several flash shaped structures called sterig- 
ma are produced (Fig 22, R) 
b In Pemctlhum, stengma are produced 
without a vesicle, the comdiophore some 
times branches to gu e a brush like appear- 
ance (Fig 22, S) 

B Vycehnm is a matted growth of hyphae 
I Vcg etatne mycelium is one which penetrates 
the substrate and absorbs food for growth 
l Aerial myceltwn is one which projects above 
the surface of the substrate and produces 
spores 

} Vseudomy celnan is one which is made up of 
pseudohyphae 

4 Racquet mycelium is formed b> hyphal cells 
which are swollen at one end and small at 
the other end and arranged so that the large 
end is attached to the small end of the ad 
jacent cell (Fig 22, E) 

C Sexual spores are formed by primary nuclear 
fusion 

! Ascospores occur in groups in a sac which 
is called an ascus (Fig 22, G) 
l An ascocarp is a fruiting body containing 
several asci, it may be spherical or flask 
shaped (perithecium) or open and saucer or 
cup-shaped (apotheci lm) See Fig 22, H 

3 A zygospore is a large thick walled bod) 
formed by the fusion of two similar spores 
of approximating hyphae (Fig 2Z, I) 

4 An oospore develops when a special female 
structure on a hypha is fertilized by the nu- 
cleus of a male structure developed close by, 
the structure which contains the oospore is 
called the oosphere 

J A basidiospore develops from the end of a 
club shaped structure called a basidium (Fig 
22, J) 

D /tsexiinf spores are formed b) budding with 
out fusion of the nuclei 
1 Sporangiospores occur in groups in a sw-ollen 
structure or sporangium on the end of a hypha 
which is called a sporangiophore A typical 
example is Mucor (Fig 22 , T) 
l Comdia usually develop from specialized hy- 
phae called comdiophores and are freed by 
abstriction at the point of attachment (Fig 
22, A) They sometimes develop directly 
on the side of a hypha without comdiophores 
and are said to be sessile and lateral (Fig 22, 
K) They may produce clusters (en grappe) 


on very short h) phal branches (Fig 22, L), 
or they may develop on a short comdiophore 
(pedicle) and are said to be pedunculated 
(see comdiophore under hyphae) 
a Microcomdia are small single-celled co- 
nidia and may be round (spherical), egg- 
shaped (elliptical or oval), pear-shaped 
(pyriform), or club-shaped (clavate) 
b Macrocomdm are large, usually multi 
celled comdia 

1) They may be divided by transverse 
septations and appear spindle shaped 
(fusiform) or club shaped (clavate) 
and are called fuseaux (Fig 22, M) 

2) They may be divided by both trans- 
verse and longitudinal septations and 
are called 7 mtnfomt (Fig 22, N) 

* Thallospores are formed by myceha 

a Blastospores are formed by budding proc- 
esses from the hyphae, also the buds pro- 
duced by yeast cells in reproduction are 
called blastospores (Fig 22, F and O) 
b Cblmnydospores are round thick- walled 
resting spores (Fig 22, P) 

1) They may be formed from the terminal 
cells of pseudohyphae 

2) They are formed in filamentous colo- 
nies by cells of the hyphae concentrat 
ing their protoplasm and becoming 
larger than the diameter of the hyphae 

3) Those formed in the hypha are called 
terminal and those on the side of the 
hypha are called lateral chlamydo- 
spores 

c Artbrospores are formed by segmentation 
of the hyphae, which results in the cutting 
off of rectangular, somewhat thick-walled 
cells (Fig 22, Q) 

VI. Actinomycosis (Actinomycetes and 
Nocardia). 

A Direct Examination. 

I Examine for tiny yellow granules, “sulfur 
granules,” in pus from sinuses, in material 
curetted from the walls of the lesion, in spu- 
tum, or in spinal fluid, see Fig 23, A 
a Place a granule on a slide, add a drop of 
10% KOH, and crush with a cover glass 

1) Actinomyces granules appear as lobu- 
lated bodies composed of delicate, 
branching, intertwined filaments (1 
micron in diameter), the ends of which 
frequently are surrounded by a gelat- 
inous sheath giving a club-shaped ap- 
pearance to the ends of the filaments. 

2) The clubs form a palisaded arrange- 
ment around the central body 
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b Crush a granule on a slide and scam by 
Grams method, the filaments are gram 
positiv e 

c Crush another granule on a slide and stain 
by Zichl Ncclsen method, A bovis and N 
madurae arc not acid fast while N aster 
oides and N gypsoides arc acid fast 
2 Organized granules may not be present m 
spinal fluid or sputum only short gram posi 
tive Or acid fast branching elements 
B Cultures 

1 Streal 2 Sabouraud s glucose agar slants and 
incubate one at 37 °C and one at room tem 
perature 

2 inoculate a deep tube of beef or veal infu 
sion broth (pH 7 <5 7 8) and a tube of thio- 
glycollatc glucose broth incubate at 37®C 

3 Inoculate a veal or beef infusion glucose agar 
shake tube and incubate at 37°G 

C. Identification 

1 Actinomyces boas (anaerobic) 

a It does not grow on Sabouraud s agar 
b Growth occurs in the bottom of the beef 
infusion or thioglycolfatc broth tube as 
small fuzzy white colonics which ire 
easily brol cn up by shaking 
c. In the shake tube growth appears in 3 to 
4da)sa$smal) white fuzz) or lobulatcd 
colonies about I cm below the surface of 
the agar larger colonies are found deeper 
in the agar 

d Place a colony in a drop of 0 85% NaCI 
solution on a slide and crush w ith a cov cr 
glass A bovis appears as a tangled mass 
of delicate branching filaments 
e Make a smear from the culture and stain 
by Grams method The filaments arc 
gram positnc and frequently resemble 
diphtheroids 

2 Nocardia (aerobic) 

a Appearance of growth on Sabouraud s 
agar 

1) N asteroides colonies are glabrous ir 
regularly folded and vary in color 
from pale yellow to deep orange 

2) N g)psoides colonies are similar but 
chalky white 

3) N madurae colonies are glabrous 
waxy wrinl led cream-colored, later 
becoming pink to red 

b Appearance in moist preparations and 
stained smears is similar to that of A bovis 

1) All species are gram positive with a 
Gram stain 

2) With a Ziehl Neelsen stain N aster 
oides and N g) psoides are acid fast 
while N madurae is not acid fast. 


D Animal Inoculation 

1 Sputum can be inoculated subcutaneously into 
guinea pigs if acid fast Nocardia is suspected, 

2 The concentration methods for tubercle ba 
edit kill the Nocardia and must not be used 

E Interpretation 

1 A bovis N asteroides and N gypsoides are 
the ctiologic agents of actinomycosis 

2 N madurae is one of the causative agents of 
madurom) costs ‘Madura foot , see Fig 23 B 

3 Tor N tenuis see tnchoni) cosis axillaris page 
219 

4 TorN mmutissima see erythrasma, page 2i9 

YII Blast omj coats (Blastomyces) 

A Direct Fxanunation 

1 Examine scrapings of tissue, pus from under 
mined borders of a lesion pus from subcutare 
ous abscesses and sputum urine or spinal 
fluid in s)stennc infections 

2 Make a moist preparation of the materia! 
using a drop of 10% KOH 

a 11 dcrmatitidis appears as single or budd n° 
spherical cells 8 to 15 microns in diameter 
with a thick refractive wall giving a dou 
blc contoured appearance, see hg 23 D 
b B brasihensis appears as single or multiple 
budding thick walled, spherical cells, 10 
to 60 microns m diameter 
c If no budding is seen in the direct smear 
nm the cover glass with vaseline and look 
for budding in 24 to 48 hours 
d M) echo) f/bmems are nor present in the 
tissues in cither type of B!astom)ces 

B Culture 

1 Inoculate two Sabouraud s glucose agar slants 
and incubate one at 37°C and one at room 
temperature. 

2 Inoculate a blood agar or beef infusion gw 
cose agar slant and incubate at 37 e G 

3 The organisms grow' v cr) slovvl) and colonies 
may nor appear for 3 to 4 w ceks. 

C. Identification 

I B dcrmatitidis . 

a On all media incubated at 37 e G the co 
omes appear wrinkled and waxy, 'he 
smears or the growth show budding )®* st 
like cells identical with those found w 
the pus from lesions 

b On Sabouraud s glucose agar at room ton 
perature the m) celial phase of the fun 
predominates 

1) A white cottony aerial growth ap- 
pears which becomes tan to brown" 1 

2) Smears show septated m) celia "J { h 
oval to round comdia attached nea 
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septations and round to pyriform co 
nidia borne on lateral sterigmata In old 
cultures mi ny chlaniy dospores are de- 
veloped See Fig 23, C 

2 B brasihensis 

a On all media incubated at 37 °C the col 
omes appear smooth to cerebrjform and 
yeast like while smears of the growth 
show single and multiple budding cells 
identical with those found in the infected 
material 

b On Sabourauds glucose agar at room 
temperature the mycelial phase predom 
mates 

1) The colonies are heaped up mem 
braoous and wrinkled with a short nap 
of w lute my cehum « Inch becomes 
brown with age A few strains remain 
glabrous and w nnl led 

2) Smears show a few sessile oval to 
round conidia attached near septations 
of the my cehum 

D Animal Inoculation 

1 Infected material or a saline suspension of a 
culture may be injected intrapentoneally into 
mice or intratesticularly into guinea pigs 

2 Abscesses may appear in 3 or 4 w eel s in the 
liver spleen lungs lymph nodes and testicles 

3 The organism can be found in the abscesses 

C Interpretation 

1 B dermantidis is the cause of North American 
blastomycosis 

2 B brasihensis is the euologic agent of South 
American blastomycosis 

YIU Coccidioidomycosis (Coccuhoidcs 
lmmilis) 

A Direct Examination 

1 Examine SDutum gastric contents pleural 
fluid pus from subcutaneous abscesses and 
exudates of cutaneous lesions in moist prepara 
non 

2 Add 10% KOH to scrapings from lesions 
when making moist preparations 

5 C itnmitts appears as a nonbudding spherical 
thick walled structure 20 to SO m crons in 
diameter and filled vv ith numerous endospores 
see Fig 2 ? E 

4 There are no mycelial filaments in direct 
smears 

B Culture and Identification 

1 Inoculate Sabouraud s glucose agar slants and 
incubate at room temperature 

2 The colony at first is moist and membranous 
and then develops a white cottony appearance 
vvhjcb be onies ran to brown with age 


3 Wet preparations from cultures show branch 
mg septate hyphae which break up into nu 
merous thick walled rectangular ellipsoidal, 
or spherical arthrospores 

4 These cultures are extremely dangerous to 
have in a laboratory and great care must be 
tal en m transferring the culrures 

C. Animal Inoculation 

1 Infected material can be inoculated into the 
testes of guinea pigs which develop a severe 
orchitis m 7 to 10 days 

2 Guinea pigs are not nearly so susceptible to 
B dermantjdis the organism usually to be 
distinguished from C rnmutis 

D Skin Test 

1 Inject 0 1 cc of a 1 100 dilution of standard 
ized coccidioidm mtncutaneously in the fore 
arm and read in 48 hours 

2 An area of erythema or induration of 0 5 cm 
or larger is considered a positive test 

3 If negative inject a 1 10 dilution 

4 A positive test indicates that an infection has 
occurred at some time during the patients 
life 

5 The test may be negative if the patient is 
anergic which js not unusual when the lesions 
become widespread in the terminal stages of 
the infection 

E Interpretation 

1 C immitis is the etiologic agent of coccid 
lQidomycosis which may be in one of two 
forms 

a Primary coccidioidomycosis which is usu 
ally an acute but benign self limited 
respiratory d sease 

b Progressive coccidioidomycosis which is a 
chronic malignant and disseminated dis 
ease involving cutaneous subcutaneous 
visceral and osseous tissue 

2 The d sease is endemic in southwestern United 
States with the greatest focus in the San 
Joaquin Valley in California 

IX Torula (Cryplococcus neoformana or 
Tortila histolytica) 

A Direct Examination 

1 Examine exudate from lesions or sputum by 
moist preparation 

2 Spinal flu d should be centrifuged and the 
sediment placed on a slide and exam ned b<* 
fore drying 

3 The light coming through the microscope 
must be subdued in order to see the capsule 
of the organism which is transparent and 
difficult to see 

4 A drop of dilute India ini may be added to 




Fic 23 A Sulfur granule Aetinomjces bov s B Granules from a les on of Maduromjcoss C BlastoitiTCe* 
tindis in a moist preparation made from a culture D Blastomyces dermatmdis in tissue. E Cocc a a a » f ^ 

in tissue F Colony of Cryptococcus neoformans (Torula histolytica) (Courtesy of Dr A C. Corns. Pr° 
Dermatologj Un \ ers ty of M cf gan Ann Arbor ) 
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slightly refractive gelatinous capsule 
C Cultures ami Identifications 

2 Inoculate " ^bouraud s glucose agar 

onstrated by India ink a ~ Dpear 

’ hkc°th^ mucoid°growth 

and the microscopic appearance 

f Animal Inoculation 

2 The organism may be found n JS n «nymph 
masses in the mesentery, •P® 1 

nodes, or in brain nssue after 3 or - 

D Interpretation ..^^mcis 

1 c neoformans is the cause of cryp 

■ *Ssssy=« 

the central nervous s\stem 

X Histoplasmosis (Hisloplasma 
capsulatum). 


A Direct Examination 

l Make thick and thin see 

blood in the same manner as for maian , 

7 S^ge curated blood and ma£ -» 

of the buffy layer and stain by vvng 
Giemsa s method . punctu re 

3 Obtain bone marrow by a htS or 

and make a smear and stain by wngnt 
Giemsa s method , . cnia rged 

4 Mai e sections of a biopsy 
lymph nodes 


Examine smears and tissue sections for Histo- 
plasma capsulatum which are small (1 to 5 
microns) oval bodies in the mononuclear 
cells, occasionally budding organisms can be 
seen, see Tig 24, B 

1 Cultures and Identification. 

Culture bone marrow, sputum, lymph nodes, 
or material from ulcerations in glucose broth 
or on blood agar and Sabouraud s glucose agar 
a Incubate all cultures except Sabouraud s 
agar at 37°C , this is incubated at room 
temperature 

b All cultures muse be 1 ept one month 

2 Make a routine blood culture 

3 Small flocculent masses appear in positive 
broth cultures, which upon microscopic ex 
animation appear as branching septate hyphae 
without spores 

4 Growth appears on the blood agar as moist, 
scattered, dull white colonies which on mi- 
croscopic examination consist of small bud 
dine cells and short fragments of mycelia 

5 Growth is slow on Sabouraud s agar and ap 
pears as white, cottony, aerial mycelia winch 
later turn buff to brown in color, see big 

a 4 ’ Microscopic examination shorn branching 
septate hyphae bearing small, round to 
pyriform, smooth spores on short lateral 
branches or sessile on the sides ofthe 
hyphae and appear like cultures of Blasto 
myces dennatitidis 

b Later the characteristic round to pyn 
form tubcrculate chlam; dospores develop 

C. Animal Inoculation 

Infected material or a saline suspension of a 
culture may be inoculated intrapentoneally 

Tubercle'll lie lesions appear in the visceral 
organs in which H capsulatum may be found 
in the macrophages 

) Skin Test 

A skin test done in the same manner as the 
tuberculin test using histoplasmin has been 
used experimentally 

I Results so far do not justify its use in dug 
nosis 


E Interpretation 

I w capsulatum is the cause of histoplasmosis 
which is characterized by leukopenia, anemia 
irregular pyrexia, and emaciation 
7 There is frequently lymphadenopathy, sple- 
nomegaly, hepatomegaly, and ulcerations of 
the intestine and the naso oral phar) ngeal 
cavities. 
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XI. Moniliasis (Candida albicans). 

A. Direct Examination, 

1. Mount skin and nail scrapings on a slide in a 
drop of 10 or 20% KOH, add a cover glass, 
and heat preparation gently o\ er a low flame 
for imnied'ate clearing. 

2. Crush a loopful of sputum or material from 
mucous patches in the mouth or vagina on 
a slide to a thin film under a cover glass and 
examine immediately. Also make smears and 
stain by Gram’s method 

J. Species of Candida appear as small, oval, bud- 
ding, thin-walled, yeast-hke cells, 2 to 4 mi- 
crons m size 

4 Occasionally mycelial threads arc seen with 
budding cells attached to the hyphac at the 
points of constriction, sec Tig. 24, D. 

ft. Cultures and Identification, 

* Inoculate 2 Sabouraud’s glucose agar slants 
with scrapings or swabs of the lesions and 
meubare one at 37°C and the orher at room 
temperature 

2 Creamy, medium-sized, moist to dull colonies 
appear in 4 to 5 days, which have a distinct 
yeast-hke odor, see Tig 24, C 

3. Tor quick identification, pick organisms from 
the Sabouraud s slant w ith a straight w ire and 
inoculate a thin corn meal agar plate by mak- 
ing a deep cut into the agar, incubate at room 
temperature for 48 hours 

a Examine through the bottom of the Petri 
dish by means of the low power objective 
of the microscope. 

b C. albicans produces mycelium bearing 
ball-like clusters of budding cells and 
thick-walled round chlamydospores 

♦ Fully identify (see Table 46) in the following 
manner 

a Transfer growth isolated on Sabouraud’s 
agar slant to Sabouraud’s glucose acid 
broth, incubate at 37 e C for 48 hours, and 
note the type of surface growth 
b Shake the broth culture to suspend tht 
sedimented organisms and srreak on a blood 
agar plate at pH 7.4; incubate at 37°G foi 
10 days and note the type of colony, 
c Transfer a w ell-isolated colony' to a Sabou- 
raud’s agar slant and incubate at room 
temperature or at 37°G for 24 or 48 hours 
d Subculture on a beef extract agar slant 
pH 7.4 for 2 or 3 generations 

e. With a loopful of the last subculture, make 
a Henrici slide culture using com meal 
agar and examine for mycelial growth. 

f. Inoculate 4 broth tubes containing 1% 
glucose, sucrose, 1 setose, and malrose re- 


spectively with a saline suspension of the 
last transplant of the fungus on the beet 
extract agar slant, using a pipette to make 
the transfer. 

g. Observe after 48 hours and 1 week; see 
Tabic 46 for sugar reactions. 

G Animal Inoculation. 

1. G albicans is the only Candida pathogenic 
for animals. 

2. A rabbit injected intravenously with 1 cc of 
a 1% saline suspension of a culture of C 
albicans will die in 4 or S days with swollen 
kidneys showing numerous small white ab- 
scesses scattered throughout the cortex. 

3. Intracutaneous injections into rabbits result 
in abscess formation in 48 hours. 

D. Interpretation. 

1. G albicans is the only pthogenic Candida 

2. It produces oral, vaginal, cutaneous, bronchul, 
and pulmonary moniliasis. 

XII. Sporotrichosis (Sporotrichum 
sclicnckii). 

A. Direct Examination. 

1 Make a smear of pus from the lesion and 
stain by Gram’s method 

2. The organisms appear as small, gram-posin've, 
cigar-shapcd bodies within pus cells or giant 
cells. 

3 The organisms are found rarely in direct 
smears so diagnosis depends on cultures 

B. Cultures and Identification, 

1 Inoculate a blood agar plate and a Sabourauds 
glucose agar slant with pus. 

2 Incubate the plate at 37°G and the Sabou- 
raud’s glucose agar slant at room temperature. 

3 On Sabouraud's agar small white colonies ap- 
pear in 3 to 5 days, as growth increases they 
become moist, wrinkled, and membranous and 
vary in color from cream to black; see Fig 
24, E. 

4. Moist preparation of the growth shows deb 
cate, branching, septate hyphae with lateral 
conidta or groups of conidia on the end of a 
short lateral branch 

5 The conidia are pyriform, ovoid to spherical 
but become round and thick-walled in old 
cultures. 

G Animal Inoculation. 

1. Pus or a saline suspension of a culture may 
be inoculated mtraperitoneally Into male 
white rats. 

2. The animals develop peritonitis and severe 
orchitis and smears of the lesions reveal nu- 
merous gram-positive, cigar-shaped, intracel- 
lular organisms 



Table 46 Differential Diagnosis of 


mycology 


213 




Fic *4 A Colony of Histoplasma capsulanim B Yeast form of Histoplasma capsulatum within 3 J’^ i ^ 0C yl nc ] 0 t 
Colony of Candida albicans D Hyphae and spores of Cand da albicans E. Colony of Sporotrichum sc 
F Spiral hyphae of Trchophvton mentagrophttes in a culture mount (Courtesy of Dr A C Curtis, r 
of Dermatology University of Michigan Ann Arbor ) 
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D. Interpretation. 

J. Sporotrichum schenckii is the cause of sporo- 
trichosis, a chronic infection characterized by 
noduiar lesions in lymph nodes, skin, or sub- 
cutaneous tissue which soften and break down 
to form indolent ulcers. 

2. The fungus is often found on plants and the 
infection occurs most frequently in farmers, 
laborers, and horticulturists. 

XIII. GeotricUosis (Geotriclmm). 

A. Direct Examination. 

1. Make a moist preparation of pus, sputum, 
purulent or bloody bits of feces. 

2. Geotrichum appears as oblong or rectangular 
ceils, 4 by 8 microns, with somewhat rounded 
ends or as large spherical cells, 4 to 10 mi- 
crons in diameter. 

B. Cultures. 

1. Inoculate 2 Sabouraud’s glucose agar plates 
with infected material; incubate one at room 
temperature and one at 37 °G for at least 2 
weeks. 

2. At 37 ®C. there is a small central colony 
growth on the surface of the agar surrounded 
by a marked, wide zone of mycelium growing 
down into the agar. 

3. At room temperature the fungus grows at a 
moderately fast rate and develops a dry, mealy 
surface which is easily picked up with an in- 
oculating loop. 

C. Identification. 

1. Make a moist preparation of some of the 
mycelial growth. 

2. The hyphae segment into rectangular arthro- 
sporcs which vary in size and roundness of 
their ends. 

3. Many spherical cells, 4 to 12 microns in di- 
ameter, are segmented from the hyphae. 

4 The rectangular cells usually germinate by 
a germ tube from one comer, which is very 
characteristic of Geotrichum. 

5. The spherical cells may develop what appear 
ro be buds which later elongate to become 
septare branching hyphae. 

D. Interpretation. 

1. Geotrichum produces lesions in the mouth, 
bronchi, lungs, and intestine. 

2 Before this fungus is accepted as the causative 
agent in any given patient, it must be found on 
repeated examinations of direct smears as well 
as in cultures, because it is frequently found 
in normal persons. 

XIV. Aspergillosis, Penicillosis, and 

Mucormycosis. 


A. Direct Examination /* 

1. Make a moist preparation of pus or sputum. 

2. Examine for the characteristic conidiophores 
of Aspergillus and Peniciilium, and sporangio- 
phores of Mucor; see Eig. 22, page 205. 

B. Cultures. 

1. All of these organisms grow well on Sabou- 
raud’s glucose agar at room temperature. 

2. They are the most common laboratory con- 
taminants; therefore, positive cultures must 
be interpreted with caution. ' * 

C. Interpretation. - * . , 

1 Aspergillosis is characterized by Inflammatory 
granulomatous lesions in the 5100,' externa! 
ear, nasal sinus, orbit, bronchi, or luftgs"and ‘ 
occasionally in the bones and meninges.' 

2 Penicillosis is characterized by a pulmonary 
lesion similar to an abscess and by otomycosis. 

3. Mucormycosis has occurred in epidemics of 
paronychia in orange workers, also mucor 
is found occasionally In otomycosis. * 

XV. Dermalomycoais (Dermatophytes). 

A- Obtaining Material for Examination. 

I. Obtain hair and scales from lesions on the 
' scalp with forceps. 

2 Clean skinjesions with 70% alcohol and either 
scrape the edges of the lesion with a scalpel 
or with the edge of a glass slide. 

3. Remove the top of a vesicular lesion with 
small curved manicure scissors 

4. Obtain friable or discolored areas from in-, 
fected nails. 

B. Direct Examination. 

1. Place a portion of the material on a slide, add 
a drop of 10 to 40% KOH, cover with a 
cover glass, and heat preparation gently over 
a low flame ro clear. 

2. Trichophyton attacks the hair, skin, and .nails 

a. Infected hairs show chains of small (mi- 
croides type) or large (megaspore type) 
arthrospores arranged as follows- 

1) Parallel rows inside hair (endothrix 
type). 

2) Parallel rows outside of hair (ecro- 
thrix type). 

b. In skin and nails Trichophyton appears 

as segmented, branching mycelial elements, 
which may or may not break up into 
arthrospores (same as -Microsporum and 
Epidcrmophyton). > 

3. Mfcrosponem attacks only the hair and skin.- 

a. Infected hairs show a mosaic sheath of 
small spores surrounding the hair shaft. 

b. In the skin it appears as segmented, branch- 
ing mycelial elements (same as Tricho- 
phyton and Epidcrmophyton). 
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4. Lpidennophyton attacks only the skin and 
nails and appears as segmented, branching 
mycelial elements identical with Trichophy- 
ton and Microsporum. 

C. Culture i. 

1. Implant 3 to 4 small fragments of the material 
short distances apart on each of 3 Sabouraud’s 
glucose agar slants. 

2. Incubate at room temperature for at least 2 
weeks. 

3. Examine daily for growth from the edges of 
the planted material 

4. As soon as growth appears remove a portion 
of the aerial growth with a straight sterile 
transfer wire and place on a slide m a drop 
of lactophenol cotton blue solution. 

Phenol crystals . . . jo gm 

Lactic acid ao cc. 

Gl) cerol . . . - 40 cc. 

Distilled water . 20 cc 

Dissoh c by heating gently under a hot water 
tap and then add 005 gm cotton blue. 

5 Separate the mycelial mass with dissecting 
needles and cover with a cover glass. 

6 Heat over a low flame to drive out air bub- 
bles and to produce a greater penetration of 
the stain 

D. Identification of Cultures, 

1. Trichophyton 

x Gypseum Group (T. mentagrophytes). 

1 ) Growth is powdery' to granular, lighr 
buff to rose-tan in color, and may vary’ 
from a fluffy, cottony type to velvety 
and pure white 

2) Tire under surface of the colony is 
wine-colored to brownish. 

3) Powdery and granular cultures de- 
velop numerous microcomdia in clus- 
ters and singly on the hyphae, also 
there are usually spirals, nodular bod- 
ies, and chlamydospores, see Fig. 24, F. 

4) These structures develop less frequent- 
ly on cottony colonies. 

b Ritbnnn Group (T. rubrum). 

1) Growth is cottony to velvety but 
sometimes powdery. 

2) The under surface of the colony is 
reddish to purple, occasionally the 
aerial mycelia become pinkish in old 
cultures. 

3) Primary cultures develop numerous 
microconidia in clusters and singly 
along the hyphae, few macroconidia, 
chlamydospores, racquet-shaped hy- 
phae, and nodular bodies, sec Fig. 25, 
A. 

c. Craterifornz Group 

l) Microscopically the various species 


show numerous microconidia alon" 
sides of the hyphae, sessile or on short 
sterigmata, and microconidia in grape 
like clusters. Chlamydospores and 
club-shaped terminal swelling of the 
hyphae arc found. 

2) T. tonsurans colonies are first velvety 
and white and then powdery cream to 
yellow color, showing a central dc- 
pression with an elevated rim forming 
a crater. 

3) T. epilans colonies are first somewhat 
crareriform, but become crumpled vvirj? 
irregular folds, assuming a ccrebriform 
surface. The color is first white but 
turns cream to yellowish 

4) T. sabouraudi colonies are small, hemi- 
spheric, and velvety with a few central 
projections of tufts of hyphae, later 
they become powdery and heaped. 
The first white color changes to cream 
or brownish with a faint tinge of vio- 
let. 

5) T. sulfureum colonies are first velvet) 
and a delicate primrose color vwtfi j 
central red nodule; later they become 
powdery, folded with a small central 
crater, and sulfur yellow in color; see 
Fig. 25, B. 

d. Tavifonn Group. 

1) Microscopically only hyphal swelling, 
numerous chlamydospores, and “favw. 
chandeliers" are seen. 

2) T. schoevlemi colonies are heaped, 
glabrous and ccrebriform, ) ellowish 
white to brown in color. 

3) T. concentnctrm colonies are heaped, 

deeply folded, glabrous, at first white, 
but become deeply brown in the cen 
ter with a cream-colored powdery 
periphery. _ 

4) T. femigtneum colonies are heaped, 
deeply folded, glabroiis, waxy, an “ 
deep reddish yellow to orange. 

5) T. violaceous colonies are first heaped* 
folded, glabrous, waxy, violet, ana 
later become velvety as aerial mjceua 
develop. 

e, Rosacevm Group (T. megnini). 

1) Colonies are first pure white, cottony 

to velvety, later becoming pale rose 
to delicate pink; the undcr^ sunac 
of the colony is a “currant violet 0 
“raspberry rose.” . 

2) Microscopically many microconidia 
occur in clusters and singly; there 

a few macroconidia, racqnet hyp** 9 
and chlamydospores 
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2 Microsporum 
a A I audouim 

1) Colonies are slow growing, consisting 
of a closely matted, v elvety aenal my- 
celial growth, light gray to brown in 
the center with radiating furrows The 
under surface of the colony is reddish 
brown to orange in color 

2) Microscopically a few large, multi- 
septate, spindle-shaped macrocomdia 
(fuseaux) are seen Qavate, single- 
celled microcomdia are borne laterally 
along the hyphae and are sessile or on 
short sterigmata Racquet myceha, 
pectinate hyphae, nodular bodies, and 
chlamy dospores arc present 

b M cams 

1) Colonies develop quickly with a cot 
tony to w ooly aerial myceha] growth 
which becomes powdery and buff to 
light brown in tfie center The under 
surface of the colony is reddish brown 
to orange in color 

2) Microscopically numerous large, mul- 
tisentate, spindle-shaped, rough, thick- 
walled macrocomdia (fuseaux) are seen 
as well as racquet hyphae, pectinate 
hyphae, nodular bodies, and chlamydo 
spores, see Fig 25, C 

c M gypsettm 

1) Colonies are fast growing, becoming 
powdery and buff to light brown m 
color The under surface of the colony 
is reddish brown to orange in color 

2) Microscopically numerous large, 4 to 
6 septate, ellipsoid, rough walled ma- 
crocomdia (fuseaux) are seen as well 
as racquet myceha, pectinate hyphae, 
nodular bodies, and chlamydospores 

5 Epidemiophyton (E. floccosum) 

a Colonies are first white and granular with 
a small central tuft of myceha, later the 
growth becomes velvety to powdery, with 
numerous radiating furrows and greenish 
yellow m color , see Fig 25, D Aenal 
myceha develop in 3 wee) s 
b Microscopically there are large, clavatc, 
multiseptate, smooth, thin walled macro- 
conidia (fuseaux) singly or in clusters 
along the hyphae Chlamydospores are 
abundant in old cultures 
F Interpretation. 

1 Dermatophytes only invade the superficial 
layers of the skin, i e , the epidermis, and do 
not produce systemic infections 
7 Ttnea pedis js caused by E. floccosum, van 
ous species of frichophy ton, and rarely Mi- 
crosporum 


3 Tmca unguium is caused by E floccosum, 
various species of Trichophyton, and C albi- 
cans 

4 Ttnea cruris js caused by E floccosum and 
species of Trichophyton 

5 Ttnea corporis is caused by vanous species of 
Trichophyton and Microsporum 

6 Ttnea rmbricata is caused by T concentn 
cum 

7 Tinea barbae is caused by \anous species of 
Trichophyton and Microsporum 

8 Ttnea capitis is caused by species of Tncho 
phyton and Microsporum 

9 Tinea favosa is caused by T schoCnleiru, T 
\ idaceum, or Af gypseum 

XVI ChromoblastomycoSis 
(Verrucous Dermatitis). 

A, Direct Examination . 

1 Place crusts of exudates from the verrucous 
lesions on a slide, add a drop of 10% KOH, 
and cover with a cover glass 

2 Heat gently to hasten clearing 

3 The organism appears as a single or clustered, 
round, thick-walled, dark-brown body, multi- 
plication is by splitting and not by budding, 
see Fig 25, E. 

B Cultures 

1 Inoculate a Sabouraud s glucose agar slant and 
keep ar room temperature for at least 3 weeks 

2 Hormodendrum pedrosoi and Phialophora 
verrucosa produce slow growing colonies 
which are dark brown to black in color, see 
Fig 25, F 

3 Hormodendrum compactum produces a slow 
growing, heaped, brittle colony which is oln e 
black m color 

C. Identification 

1 Make a moist preparation of the culture 

2 Phialophora verrucosa 

a Thin walled, oval comdta are seen at the 
cup-shaped tips of the comdiophores 
b The comdiophores are single or in groups, 
terminal or lateral on the hyphae 

3 Hormodendrum pedrosoi 

a Some comdiophores vary m length and 
bear comdia in branching chain formation 
(Hormodendrum type) 
b Some comdiophores (knotted dubs) de 
%elop as terminal cells or as single lateral 
branches from the hyphae from which 
comdia are formed on short protuber- 
ances along the length of the contdio 
phores (Acrotheca type) 

4 Hormodendrum compaction 

a The comdiophores are terminal and lat 
era! bearing compact masses of Ions 




Fig 15 A Trichophyton rubrum in a culture mount. B Colony of Trichophyton sulfureum C Fuseaux of M'cW 
sporum cams D Colony of Epidermophyton floccosum. E Dark walled organism Hormodendrum pedrosoi 
sues F Colony of Hormodendrum pedrosoi (Courtesy of Dr A C. Curts. Professor of Dermatology, kmive 
of Michigan Ann Arbor ) 
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branching chains of subsphencal conidia. 
b. The conidial chains .are not as easily bro- 
ken up as those of H. pedrosai. 
d. Interpretation. 

1. Chromoblastomycosis or verrucous derma- 
titis is caused by H. pedrosoi, H. compactum, 
or P. verrucosa. 

2 The disease is characterized by warty cutane- 
ous nodules which develop very slowly, form- 
ing prominent papillomatous vegetations 
which may or may not ulcerate. 

XVII. Tinea Versicolor ( Malassezia furfur). 

A. Direct Examination. 

(. Obtain scales from the fawn-colored macules 
of the skin and place in a drop of 10% KOH 
on a slide. 

2. Cover with a cover glass and heat gently over 
a low flame for clearing. 

3. M. furfur appears 3S clusters of thick-walled, 
round, and budding forms (3 to 8 microns in 
diameter) surrounded by short, straight, and 
angular fragments of mycelia. 

B. Cultures are not necessary. 

C. Interpretation. 

1. Al. furfur is the cause of Tinea versicolor. 

2. Tinea versicolor is a chrome asymptomatic 
superficial disease characterized by fawn to 
brownish-colored desquamating macules in- 
volving principally the trunk but occasionally 
the axillae, groin, arms, thighs, neck, face, and 
scalp. 

XVm. Piedra. 

A. Direct Examination. 

1. Place an infected hair on a slide, add a drop 
of 10% KOH, and cover with a cover glass. 

2. P tedraia hortat. 

a. The nodules on the hair are discrete con- 
sisting of tightly packed stroma of dark- 
brown, dichotomously branched hyphae, 
4 to 8 microns in diameter, 
b The hyphae have numerous septations at 
such close intervals that they resemble 
arthrospores. 

c. A crushed nodule reveals numerous asci 
containing 2 to 8 single-celled, fusiform, 
slightly curved ascospores with a single 
polar filament at one end. 

3. Tnchosporon beigeht. 

a. The nodules on- the hair are variable in 
size, soft not discrete, and easily detached 
from the hair. 

b The transparent greenish-tinged mycelial 
mass is seen to extend along the hair as a 
sheath. 


c. The hyphae tend to be perpendicular to 
the surface of the hair and segment into 
round, o\al, or rectangular cells, 2 to 8 
microns in diameter. 

d Blastospores are seen in the mycelial mass 

B. Cultures. 

1. Make cultures on Sabouraud’s glucose agar 
and incubate at room temperature." 

2. P. hortat. ,• v- 

a Colonies are greenish black to black, ele- 
vated in the center, or are fiat/glabrous, 
or smooth to cerebri form and are adhe/ent 
to the medium. 

b. Microscopically there are dark, thick- 
walled, closely septate hyphae containing 
numerous chlamydospores or swollen, "ir- 
regularly-shaped cells. 

3. T. betgeltt. 

a. Colonies appear rapidly and at first are 
cream-colored and slimy. 

b. Later they become finely wrinkled, the 
center is heaped up, the color is darker, 
and they are more adherent to the agar. 

C. Interpretation. 

1. Piedra is a fungus infection of the hair charac- 
terized by stony hard nodules along the hah 
shafts. 

2. Piedraia hortai is the cause of black piedra. 

3. Tnchosporon beigehi is the cause of white 
piedra. 

XIX. Trichomycosis Axillaris. 

A. Direct Examination. 

1. Place infected hairs on a slide, add a drop of 
10% KOH, and cover with a cover glass. 

2. Nocardia tenuis produces nodules on the hair 
which are composed of delicate, short, branch- 
ing, mycelial elements, 1 micron or less in 
diameter, which appear to be embedded in 
mucilaginous material. 

3. The red and black varieties show numerous 
clumps of cocci mixed with the bacillary 
forms of the fungus. 

B. Cultures are not necessary for diagnosis. 

C. Interpretation. 

1. Nocardia tenuis is the cause of trichomycosis 
axillaris. 

2. It is an infection of axillary and pubic hairs 
characterized by the development of yellow, 
red, or black concretions sutrounding the hair 
shaft. 

XX. Erythraema. 

A. Direct Examination. 

1. Scrape bits of skin from the infected areas 
by means of a scalpel or the edge of a glass 
slide and place on a slide. 
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2 Add a drop of ether and allow it to evaporate 

3 Add a drop of methylene blue solution or 
lactophenol cotton blue solution and co%er 
with a cover glass examine with the oil lm 
mersion objective of the microscope 

4 Nocardia minutisstma appears as short deli 
cate branching filaments 1 micron or less m 
diameter which arc easilv brol en up mto 
smaller bacillary or coccoid forms 


B Ctditires arc not necessary for diagnosis 

C Interpretation 

1 Nocardia mtnutissinn is the cause of erjthrss- 
ma 

2 Erythrasma is a chronic fungus infection of 
the stratum corneum and is characterized b) 
superficial lesions in the axillae and gento- 
crual regions, occasional!) involving other 
intertrim nous areas 



Serology 


General Considerations 

The Wassertnann (complement fixation) test 
usually becomes positive two weeks after the 
appearance of the initial lesion of syphilis, while 
the flocculation tests are positive earlier The 
flocculation tests are also more sensitive and give 
a higher percentage of positive reactions m treated 
and latent cases of syphilis than does the Wasser 
mann test However, a small percentage of cases 
give a negative flocculation test and a positive 
VVassermann reaction, this is especially true in 
congenital syphilis 

A diagnosis of syphilis should not be made on 
the basis of a single doubtful or positive reaction 
without the support of a positive history or 
clinical evidence When there is no evidence or 
history of syphilis, the rest should be repeated at 
2 to 4 week intervals for 3 to 6 months in order 
to rule out false reactions A small percentage of 
normal individuals have a reagin like substance 
which produces falsely doubtful and positive re- 
actions The following diseases may also give a 
false reaction, yaws, pinta, bejel, leprosy, malaria 
vaccinia vaccinoid, measles mumps, chickenpox, 
infectious mononucleosis, virus pneumonia, in- 
fectious hepatitis, scarlet fever, acute tuberculosis, 
sarcoidosis, lymphogranuloma venereum, lupus 
erythematosus, relapsing fever, rat bite fever, 
Weds disease, typhus fever, filanasis and kala 
azar The complement fixation test is less apt to 
give false positive reactions than the flocculation 
tests m these diseases 

The Wassermann testis a complicated procedure 
«nd can be earned out in a satisfactory manner 
only by one especially trained in the technique 
It is necessary to carefully titrate the antigen, 
amboceptor, and complement in order that they 
are accurately balanced in the test The floccula- 
tion tests are Jess complicated, but the technique 
must be earned out with exacting precision 

Sources of Error in Serology Tests 
I Collection of the Blood. 

1 Hemolysis or contamination of the blood by 
bacteria or chemicals. 

2 Use of oxalate or citrate 

3 Improper storage of specimens 

4 Delay in sending specimens to the laboratory 

5 Mislabeling specimens 

6 Postmortem specimens 


II Laboratory Procedure. 

1 Insufficient skill and experience of the techm 
cian and failure to follow technique exactly 
as described by the author 

2 Mix up of specimens 

} Improperly cleaned glassware 

4 Faulty reagents 

> Inexact measurements 

6 Inadequate controls 

7 Incorrect reading, recording, or reporting re 
suits 


Theory of the ’Waseermanu Test 


Three substances are concerned in bacteriolysis 
and hemolysis Each one must be present to 
complete the system 


Bacteriolytic System (First S>stem) 


Antigen 

(invading 

bacterium) 


Bacteriolytic amboceptor 
(in serum of infected 
person) 


+ Complement — Bacteriolysis 

(m serum ofany 
normal animal) 


Hemolytic S> stem (Second System) 

Antigen -f Hemolytic amb oceptor 

(red blood (in serum of animal in 

corpuscles) jected with homologous 

red blood corpuscles) 


■h Complement = Hemolysis 

(same as in 
bacteriolytic 
system) 


The important fact of the above formulas is 
that, while the antigen and amboceptor differ 
in the two systems, the complement is the same 
Whatever the source of the complement, it will 
serve either for bacteriolysis or for hemolysis 
The Wassermann reaction is not a true antigen 
antibody combination because the antigen is non 
specific, that is not made from the Treponema 
pallidum The antibody (amboceptor) in syphi 
iitic serum is called “reagin” and binds comple 
ment to the hpoidal substance in the antigen As 
the theory is the same as in the bacteriolytic 
system we will call the first system in the Was 
sermann test by that name 

In the application of these principles, it is 
possible so to adjust the test that any two mem 
bers of a system being known, the third may be 
determined qualitatively and (roughly) quano 
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tatively In the clinical use of the test, one seeks 
the syphilitic antibody (reagin) present in the 
patient's scrum To accomplish tins, one mixes 
in a test tube certain amounts of antigen, blood 
serum (amboceptor), and complement One of 
two things will occur 

(!) If the patient suffers from the disease <n 
question 3na his serum contains the correspond- 
ing amboceptor, the complement will be fixed 
or bound to the antigen by this specific ambo- 
ceptor and will not be left in a free state 
(2) If the patients serum docs not contain the 
specific antibody to serve as a connecting link, 
the complement will remain unbound or tree >n 
the fluid 

In either case there will be no \isible change 
to show what has taken place, therefore, it is 
necessary to add an indicator which will show 
whether the complement remains free This is 
found in the two specific elements of the hemo- 
lytic system — red blood corpuscles and hcmoly tic 
amboceptor If free complement is present in 
the * bacrenol) tic sjstem’ 1 the hemolytic sys- 
tem is complete and the corpuscles will be hemo- 
lyzed If upon the other hand all available 
complement had been bound to the antigen by 
the antibod) in the bacteriolytic system," the 
hemol) tic sjstem is not complete and hemolysis 
can not occur This shows thit the patient’s 
scrum contained specific amboceptor and that 
he probably has the disease m question 

Engle's Modification of tlie 
Wnsscrmann Test 

Reagents 

I Sodium Chloride Solution — 0 85%. 

A, Preparation 

1 Dissolve 8 5 gm of dried chemically pure 
sodium chloride in 1000 cc of distilled water 
using a volumetric flask 

2 Test by suspending one drop of sheep cor- 
puscles in about 5 cc of the NaCl solution 
a Let stand overnight at room temperature, 
b The cells should settle to the bottom of 

the tube leaving a clear, colorless super- 
natant fluid 
B Used as Follows 

1 Serves as a diluent throughout the test 

2 The graduates and flasks for the sheep cor- 
puscle suspension complement, antigen and 
amboceptor arc rinsed 2 or 3 times with this 
NaCl solution before being used 

IT Sheep Corpuscle Suspension 
A Collection of Sheep Blood 
1 Sheep are bled aseptically from the jugular 
vein 


2 The blood is placed in a stenle flask or bottle 
containing an anticoagulant or beads for de 
fibnnatmg the blood 

3 Boemcr and Lulccns recommend the follow 
ing anticoagulant 

Sodium citrate 9^ 

Glucose 20 pv 

1 1000 aqueous solution of menhiolate lOOcc. 
a Use in proportion of 1 part to 9 pm of 
blood 

b Tins anticoagulant does not interfere in 
the test because it is removed in the re 
peated washing of the cells. 

B Saline Suspension — 3% 

1 Tiber about 7 cc of the sheep blood through 
4 layers of coarse gauze (to remove fibrui’lf 
defibnnated blood is used) into a 50 cc 
centrifuge tube and fill Wjth 0 85% Nad 
solution 

2 Mix well and centrifuge for 15 to 20 mrnuta 
at moderate speed 

3 Decant the NaCl solution and repeat washing 
twice If the supernatant fluid is not dear 
washing must be repeated until it is dear 

4 The last washing should be made m a 15 cc 
centrifuge tube graduated in tenths of a cc 

5 Centrifuge for !5 minutes at moderate sp«i 

6 Suspend the cells with 0 85% NaG solution 
according to the reading on the centrifuge 
tube to make a 3% suspension which is used 
in the test 

7 Always shake before using m the test to sc 
cure an even suspension of the corpusdtt 

III. Complement 

A A suitable complement must possess two 
properties 

1 Complementary activity or the power of ef 
fecting hemol) sis through a hemolytic ambo- 
ceptor 

2 Durability or the power of being fixed bV 
antigen and antibody’ 

B. Guinea Pig Serum 

1 Blood is drawn from the heart of a guinea 
pig (animal may be anesthetized) It is I** - 
sible to draw 5 or 6 cc from each pig 

out harm, if the amount is replaced by die 
same volume of stenle 0 85% NaG solution 
injected into the pentoncal cavity 

2 Complement vanes in potency in each pig 
so the serum to be usea should be a nuxtu 
obtained from 5 or 6 pics 

3 Let the blood stand overnight w the refnge* 
ator 

4 Centnfuge and pour off the dear serum w* 
a graduate previously nnsed with 0 85% P 1 * 
solution Measure quantity and add 80 mg 
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of pure sodium chloride per cc of serum 
The salted serum should be put in a dghtiv- 
stoppered brown glass bottle and kept m the 
refrigerator 

This salted serum keeps for at least one week 

It should not be kept more than 7 to 10 days 

because of deterioration 

For use m the test, dilute 1 volume of serum 

with 9 volumes of cold distilled water This 

is equivalent to a 1-10 dilution of unsalted 

serum with 0 85% NaCl solution 

Keep the diluted serum in the refrigerator 

when not in use. 

IV. Hemolytic Amboceptor (Antisheep 
Hemolysin). 

Preparation of Amboceptor. 

Materials Needed 

a Healthy young mature male rabbits It 
is better to inject several rabbits because 
of individual variation m ability to pro- 
duce anabodies. 

b Ten cc of sterile sheep serum for each 
rabbit. 

c Ten cc of a sterile 10% suspension of 
washed sheep corpuscles in 0 85% Nad 
solution for each rabbit, 
d It is best to use blood of several sheep due 
to individual variation in antigenic prop- 
erties 

2 Sensitize each rabbit by giving 5 subcutaneous 
injections of sheep serum at 48 hour intervals 
according to Schedule A Thirty mmuces 
before the third, fourth and fifth injection, 
administer 0 2 cc- of serum (desensitizing dose 
to prevent shock from the larger amount) 

Schfdulf A 


Day 


Amount of sheep serum injected subcutaneously 


3 

S 

7 

9 


0.5 cc 
1 0 cc 

0 2 cc followed in 30 mm with 1 3 cc 

0 2 cc followed in 30 nun with 1 8 cc 

0 2 cc followed in 30 min with 2 3 cc 


3 The rabbit is then allowed to rest for 4 days 
after which it is given 4 intravenous injections 
of a 10% suspension of washed sheep cor- 
puscles at 48 hour intervals as in Schedule B 
Thirty minutes before the second, third and 
fourth injections, administer 0 2 cc of the 
sheep corpuscle suspension (desensitizing dose 
to prevent shock from the larger amount) 

4 Five days after the last injection obtain 1 cc 
of blood from the ear vein of each rabbit. 

5 Separate the serum from the blood by centrif- 
ugation and titrate each serum according 
to the directions under titration 


Schedule B 


Day 


Amount of a 10% suspension of sheep corpuscles 
injected intravenously 


14 

16 

18 

20 


0 2 cc. followed in 30 min with 1 3 cc 
0 2 cc followed in 30 min with 2 3 cc 
0 2 cc followed in 30 min with 2 8 cc. 


6 If the serum of 1 or more rabbits has a titei 
of 1-3000 or more, bleed the rabbit from the 
heart under aseptic conditions on the seventh 
day after the last injection 

7 Place the blood in the refrigerator overnight 
and then centrifuge to obtain the serum 

8 The serum may be kept m either of 2 ways, 
a Preserved in glycerin 

1) Inactivate at 56°C. for 15 minutes on 
2 successive days 

2) Add an equal quantity of chemically 
pure neutral glycerin and store in small 
bottles in the refrigerator 

3) This is a 50% solution of ambocepcor 
so the titer will be only one half of 
the original titer 

b Sealed m ampules 

1) Place in sterile 1 cc ampules and seal 

2) Inactivate at 56°C. for 15 minutes on 
2 successive days and then store m 
the refrigerator 

3) When kept sterile the amboceptor vv ill 
keep for several years undergoing a 
gradual decrease in its titer over this 
penod 

B Titration of Amboceptor. 

1 Set up 7 test tubes and add the amboceptor, 
NaCl solution sheep corpuscles, and comple- 
ment according to Table 47 

2 Mix contents by placing thumb on top of 
tube and inverting , wipe thumb on towel be 
fore turning the next tube 

3 Incubate in a 37 °C water bath for 30 mm 
utes 

4 Example of reading titration 

a Suppose that the last tube showing com 
plete hemolysis is a 1-3000 diludon 
b A unit of amboceptor is 0 4 cc of a dilu 
tion between the 1-3000 and 1-4000 dilu 
oons or approximately 1-3500 dilution 
c In the test proper VA units are used which 
from this titration would be 04 cc of a 
1 1400 dilution 

5 The amboceptor must be titrated for each 
set of Wassermann tests to compensate for 
variation in the fragility of the sheep cor 
puscles and variation m the strength of the 
complement 
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Table 47 Amboceptor Titration 


Tube 

1 

2 

3 

mm 

S 

6 

7 


0 4 

0 27 

0 2 

■ffl 

0 l 

0 067 

0 OS 




1 07 

1 I 

1 14 

I IS 

Sheep corpuscle 

suspension (3%) cc 

0 4 

0 4 

0 4 

0 4 

0 4 

0 4 

0 4 

Complement (1 10) cc 







0 4 

Dilution of amboceptor* 

1 1000 

1 1500 

1 2000 

1-3000 

1-4000 

1-6000 

1-8000 

Example of read ng hemolys s 

Complete 

Complete 

Complete 

Complete 

Parted 

Partial 

>>oue 


•Dilution of amboceptor is that of the arabocepter itself and not that of the final dilution ui the titration 


V. Antigen. 

A. All container* used for antigen must be abso- 
lutely dry 

B Preparation of Poxcdercd Beef Heart. 

1 Remove the fat, pericardium, and blood ves- 
sels from 6 or more fresh calves’ hearts. 

2 Gnnd the muscle in a meat grinder 

3 Add 150 cc of pure acetone to each 100 gm. 
of tissue 

4 Keep at room temperature for one hour with 
frequent shakings. 

5 Remov e acetone by filtration and add a sec- 
ond portion of 150 cc of acetone. 

6 Shake a few minutes and filter The acetone 
filtrates arc discarded 

7 Spread tissue out in a large flat pan in a thin 
layer and dr)’ rapidly with an electric fan 

8 Pulverize the dried tissue in a meat grinder 

C. Preparation of Tissue Extract. 

1 To each 50 gm. of dried pou dered beef heart, 
add 250 cc. of pure anesrhesia ether (5 cc. 
per gram of ponder) and place in the 37°G 
incubator for 15 minutes. 

2 The ether is filtered off and the extraction 
repeated with fresh ether for a total of 4 
extractions 

3 After the fourth filtration the beef heart pow- 
der is washed on the filter paper with 100 
cc of fresh ether All the etner extracts arc 
discarded 

4 Dry the powder thoroughly on the filter pa 
per 

5 Weigh the powder, place in a flask or bottle, 
and add absolute alcohol in the proportion 
of 5 cc per gram of powder 

6 Shake and let stand at room temperature for 
5 days 

7 Filter of! the alcohol extract and wash the 
moist powder on the filter paper with small 
portions of fresh absolute alcohol until the 
volume of extract and wash mgs is equal to 
the original amount of alcohol used for ex- 
traction. 


8 This clear straw-colored extract is the basic 
antigen and contains I 2 to 1 5 per cent sah&s. 

9 Keep in a brown glass bottle at room temper 
aturc 

D. Cholcilcroliicd Antigen . 

1 Add 6 mg of cholesterol (PfansaehJ, c. p) 
to each cc of alcoholic extract. 

2 Place in a 37°C water bath or incubator to 
dissolve 

3 This makes a 0 6% cholesterolized solution. 

E. Titration of Antigen. 

1 Reagents Needed 

a Cholesterolized antigen, 
b Sodium chlonde solution— 0 85% 
c. Known positive serum — this should con- 
sist of at least 4 different strongly pos 
ove scrums mixed together 
d Complement — a 1-10 dilution of sahw 
guinea pig serum prepared with cold 
oiled water 

e Amboceptor— dilution determined by o - 
traoon as m test proper 
f Sheep corpuscle suspension — 3% 

2 Optimum Titration , 

a. Set up 42 small test tubes in 6 TOR'S of 

7 tubes each , 

b Follow Table 48 for contents of t»t 
tubes. 

3 Hemolytic Titration . 

a. Set up 7 small test tubes in a rack at ° 

same time when doing the optimum no* 

b rollow Table 49 for contents of the rat* 

4 Anticomplementiry Titration. , 

a. Set up 7 small test tubes *9 a rack at 

same time when doing the optimum 

b 

5 SI 

tubes) and place in the refrigerator 
hours 


molyoc titrations of antigen, 
illow Tabic 50 for contents of the tuD» 
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Table 48 Optimum Titration of Anttgen 


Tube 

Antigen 
dilutions (1) 

04 cc 

0 2 cc. positive serum dilutions (2) 

Complement 

(1 10) cc 

Tube 1 

lJ_ 

3 

4 

5 

6 

7 

1 thru 7 

1-40 

» 

1 2 

1-4 

1 8 

1 16 

1-32 

1 64 

04 

8 thru 14 

1 80 


12 

1-4 

1 8 

1 16 

1 32 

1 64 


15 thru 21 

1 100 


1 2 

1-4 

1 8 

1 16 

1 32 

1 64 


22 thru 28 

1 120 


1 2 

14 

1 8 

1 16 

1-32 

1 64 

04 

29 thru 36 

1 160 


1 2 

14 

I 8 

1 16 

1 32 

1 64 


37 thru 42 

1 200 


1 2 

14 

1 8 

1 16 

1-32 

1 64 

04 


•Undiluted strongly positive serum (0 2 ce.) 


(1) Prepare antigen dilutions as follows 


140 dilution of antigen cc 

(0 5 ce. antigen in 19 5 cc NaCl sol ) 

! 

80 | 

40 

32 | 

27 

20 

16 

NaCl solution (0 85%) cc 

0 1 

40 ! 

48 1 

5.3 

60 

64 

Final dilution of antigen 

mm 

180 

1 100 

1 120 

1 160 

1 200 


(2) Prepare positive serum dilutions as follows 


Positive serum cc. 

KB 

20 

1 !0 

05 

0 25 

0125 

i 0062 ~ 


0 

20 

mm 

35 

3 75 

3 95 


Final Idflution of serum , 

0 

1 2 

mm 

1 8 

1 16 

1-32 



Table 49 Hemolytic Titration of Antigen 


Antigen dilutions* • 




I 2 

13 

14 

1 6 

1-8 

1 12 

Whole antigen cc 

NaCl solution (0 85%) cc 

Krai 

02 

013 

01 

0 07 

0 05 

0035 

08 ] 

10 

107 

1 1 

1 13 

1 15 

l 17 

•Sheep corpuscle suspension 
cc (l 5% by volume) 

08 1 

08 

08 

08 

08 

08 

08 

Example of reading hemolysis J 

Complete j 

O 

0 


0 . 

0 

0 


*A 1.5% unsensitued sheep corpuscle saspens on may be added immediately and the tubes placed in a 37'C water batb 
for 30 minutes or a sensitised sheep cell suspens on may be added at the same time it is added to the optimum and anti 
complementary titrations , 

••Dilution of antigen is that of the antigen itself and not that of the final dilution in the titration 


Tabif 50 Anticomplementatn Titratioy or Avrtrris 


Antigen dilutions 


i 

1 

12 

1 3 

14 

1 6 

1 15 

1 12 


04 1 

02 

013 

0 1 

0 07 

0 05 

0 035 


04 

06 





0 77 

Complement (1 10) cc 

04 

04 





04 

Example of reading hemolysis 

Complete | 

O 

0 

Partial 

Complete 

| Complete 

Complete 


6 Prepare a sensitized sheep corpuscle suspen- 
sion 50 minutes before removing tubes tr om 
the refrigerator by mixing equai volumes of 
a 5% sheep corpuscle suspension and ambo- 
ceptor diluted according to the titration of 
that day (see test proper) (Thirty cc. of 
each is enough for all 3 anngen titrations ) 


a Pour the diluted amboceptor into the 
sheep corpuscle suspension rapidly while 
shaking the suspension otherwise a por- 
tion of the cells may combine irreversibly 
with the bulk of the amboceptor, leav 
me little free for the remainder 
b Place in the refrigerator for 1 hour 
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7 After 4 hours remove the tubes of the op- 
timum, hemolytic, and antjcomplemcmary 
titrations from the refrigerator and place in 
a 37 °C water bath for 30 minutes 

8 Remove from water bath and add 0 8 cc of 
the well mixed, sensitized, sheep corpuscle 
suspension to each tube 

9 Mix contents by placing thumb on top of 
tube and inverting, wipe thumb on towel 
before turning the next rube 

10 Again place in a 37°G water bath for 30 
minutes 

1 1 Remove the tubes from the water bath and 
read 

F. Rending of Antigen Ti traliont 

1 Optimum Titration 

a Follow Table 51 for example of titration 
results. 

Table 51 Example of Optimum Titration 
of Antigen 



0 -complete hcmoljBis 

b The antigen does not deviate significantly 
from a 1 120 to a 1-160 dilution A 1-140 
dilution may be used in the test. 

2 Hemolytic Titration 

a. Refer co Table 49 for example of aeration 
results 

b Hemolysis is complete in the undiluted 
antigen, therefore, antigen is not signifi- 
cantly more hemolytic than pure alcohol 
and may be used in dilutions of 1-2 or over 
without hemolysis by the antigen itself 

3 A nttcomplementary Titration 

a. Refer to Table 50 for example of ntration 
results 

b Hemolysis is complete in the undiluted 
antigen, but this hemolysis docs not re- 
quire the presence of cither amboceptor 
or complement. It is due to a hemolytic 
substance in the antigen There is no 
hemolysis in dilutions 1-2 and 1-3 and 
only partial hemolysis m dilution 1-4 

c Having thus been determined, the anti- 
complementary titer of antigen (1-4 in 
example) should never be used in more 
than one fourth of this concentration 
(l-\6 m example given) 


d The optimum dilution of a good antigen 
is generally one tenth to one twentieth 
of the anticomplcmentary titer 

VI. Holds to be Tested. 

A. Palleni’a Scrum. 

L Draw 8 to 10 cc of blood from the patient's 
vein 

a. Blood obtained during an acute febrile ill- 
ness other than S) phihs may gue a hist 

E tc reaction 

should be obtained before breakfast 
or 3 or 4 hours after eaung A small num 
ber of people will give a false positive 
reaction unless their blood is obtained 
when in a fasting state 

2 Put the blood in a stcnle test tube and place 
in the refrigerator until firmly coagulated 
3 Loosen dor and centrifuge 15 minutes at 
moderate speed 

4 Pour off the serum into a stcnle test tube, 
being careful that the serum is free from cor 

S uscles. 

erum must he free from the products of fie 
molj sis of the erythrocytes. 

<5 Inactivation — human serum contains a van- 
able amount of complement which must be 
destroyed by hearing m a water b3th at 56°C 
for 15 minutes before using in the test 
D. Spinal Fluid. 

1 Spinal fluid docs not have an appreciable 
amount of complement, therefore, it is not 
inactivated 

2 At least 3 6 cc of fluid is needed for a com 
piece test 

3 apinal fluid containing more than a trace of 
blood, a large number of pus cells, or bacterial 
growth is not satisfactory for the test. 

Teat Proper 
L Reagents Needed. 

A. Sodium Chloride Solution — 0 85% 

B Sheep Corpuscles — 3% suspension. 

G Complement — 1-10 dilution of guinea p ! $ 
serum 

D Amboceptor — 1-1000 dilution for the otra 
tion 

E. Cholcsterolizcd Antigen — diluted according 
to previous ntration 

F. Policin’ a Serum — inactivated 

G. Spinal Hub? — not inactivated 
II. Known Positive Serum — inactivated 
I. Known Negative Scrum — inactivated 

II. Routine Qnalltallve Serum TeiL 
A. Rack I (Test Proper). . 

1 Set up 3 tubes for each patient's serum an 
follow Table 52 for contents of tabes. 
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Table 52. Patient's Serum — Test Proper 


Tubes 

1 

2 

3 

Antigen dilution, cc, 

Patient's serum, cc 

Complement (1-10), cc. .... 

NaCi sol. (0 85%), cc 

0 4 
0.1 

0 4 

0 

0 4 

0 2 

0 4 

0 

0 

0 2 

0 4 

0 4 


2. Set up 3 tubes as above, using known positive 
serum. 

3. Set up 3 tubes as above, using known negative 
serum. 

4. In the same rack set up 5 tubes for a com' 
plement and antigen control for the test 
proper. 

a. Follow Table 53 for contents of tubes. 

b. Tube 1 is the antigen control as well as 
the 1st tube of the complement control. 

Table 53. Complement and Antigen Control 


Tube 

1 

2 

3 

4 

5 

Antigen dilution, cc. 
Complement (1-10), cc. 
NaCi sol. (0 85%), cc. 

0 4 

0 4 

0 4 

0 4 

0 2 

0 6 

0 4 

0 13 
0 7 

0 4 

0 1 

0 7 

0 4 

0 

0 8 


5. Place rack with both sets of tubes in the re- 
frigerator for 3 to 4 hours 

B. Rack II ( Check on amboceptor titration 
this is a duplicate of the complement and 
antigen control). 

1. Set up 5 rubes following Table 53 for contents 
of tubes. 

2. Place in refrigerator at same time as Rack I 
or as soon afterwards as possible. 

L Rack HI (Amboceptor Titration). 

1. A titration must be made to determine the 
minimal hemolytic quantity (unit) of ambo- 
ceptor needed for the cell suspension and the 
complement used that particular day. 

2. Set up 7 tubes and follow Table 47 for the 
contents of the tubes. 

3. Mix contents by placing thumb on top of 
tube and inverting; wipe thumb on rowel be- 
fore turning the next tube. 

4. Incubate in water bath at 37° C. for 30 min- 
utes. 

5. Read, following example in Table 47, and pre- 
pare a dilution of amboceptor (enough for 
Racks I and II) containing 2 A units. In the 
example cited in Table 47, one unit is 1-3500; 
therefore, VA units would be a 1-1400 dilu- 
tion. 

D. Check on Amboceptor Titration. 

t. As soon as the amboceptor titration is read 
and the correct dilution of amboceptor (254 
units) is made, mix 5 cc. of this dilution with 


5 cc. of a 3% sheep corpuscle suspension. This 
is a 1.5% suspension of sensitized sheep cor- 
puscles. 

2. Place in the refrigerator for 1 hour. 

3. At the end of the hour, remove this sensitized 
corpuscle suspension and Rack II (check on 
amboceptor titration) and add 0.8 cc. of the 
well-mixed, sensitized corpuscle suspension to 
each tube in the rack. 

4. Mix by inverting and incubate for 30 min- 
utes in a 37°C. water bath. 

5. Remove and read; if the amboceptor titration 
was correct, the 0 4 cc. of a t-10 dilution of 
complement used in the test represents 2 to 
2 'A rimes the amount necessary to cause com- 
plete hemolysis in 30 minutes. 

6 In Rack II the contents of tubes 1 and 2 should 
be completely hemolyzed, of tube 3 should 
be partially hemolyzed, tube 4 should show 
only a very slight amount of hemolysis, and 
tube 5 no hemolysis. 

a If only tube 1 shows complete hemolysis, 
the corpuscles are inadequately sensitized 
and a lower dilution of amboceptor should 
be made. 

b. If tubes 1, 2, and 3 show complete hemol- 
ysis, an excess of amboceptor has been 
used and a second lor of arobocepror must 
be made in the next greater dilution, 

E Sensitized Sheep Corpuscle Suspension for 
Test Proper. 

1. Make up the sensitized sheep corpuscle sus- 
pension for the test proper (Rack I) using the 
corrected dilution of amboceptor. 

2. Place in the refrigerator for I hour. 

F, Test Proper (Rack I). 

1. After the above sensitized sheep corpuscle 
suspension has been in the refrigerator 30 
minutes, remove Rack I which has been in 
the refrigerator at least 3 hours but not over 
4 hours. 

2. Place Rack I in the 37°G water bath for 30 
minutes. 

3. Remove the sensitized corpuscles 1 hour after 
placing them in the refrigerator and also at 
the same time remove Rack I from the water 
bath. 

4. Add 0.8 cc. of the well-mixed, sensitized cor- 
puscle suspension to each tube and mix by in- 
verting. 

5. Incubate in a 37 °G water bath for 20 to 40 
minutes. 

a. The leeway of 20 minutes is allowed in 
order to compensate for any slight error 
in the sensitization of the sheep corpuscles. 

b. Look at the complement control (Table 
53) at 20, 30, and 40 minutes. 
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1) If the contents of tube 2, which con' 
tains half the amount of the comple' 
ment used m the test, is completely he' 
motyzed at 20 minutes, the rack is re' 
moved and the tests read 

2) If hemolysis does not occur in tube 3 
until 30 to 40 minutes, the rack is re-- 
moved when hemolysis does occur 
Howes er, if hemolysis docs not occuf 
in 40 minutes, the rack is removed and 
the reason for the incomplete hcmolysi? 
is sought. 

HI. Reading of Results. 

A. Antigen Control (Tube I of Table 53). 
t Tlus tube should show complete hemolysis 
1 VlUptxV? dvVtfttd, attagm wot Atmtmsua'- 
bly anticomplementary under the condition* 
of the test Failure to hemolyze indicates that 
the complement is defeem e and is deteriorat- 
ing under the conditions of the test 
n. Complement Control (Table S3 ). 

1 The set of tubes incubated along w-ith the 
serum tests (Rack I) should show the same 
degree of hemolysis as the tubes m Rack i! 
(check on amboceptor titration) if the same 
amboceptor dilution was used in both sets of 
tubes. 

2 If hemolysis of the contents of tubes 1 and 
2 is incomplete, the complement is defective 
and deteriorating under tne conditions of the 
test. 


C. Reading Tc*ls tcitfc Patient** Serum. 

1 Method of Reporting Hemolysis 

Complete inhibition of hemolysis I 4- + + 4* 
75% inhibition of hemolysis 4- + + 

50% inhibition of hemolysis 4- -j" 

25% inhibition of hemolysis -h 

Complete hemolysis negative 

2 The third tube (control which contains no 
antigen) of each serum test must show com- 
plete hemolysis, otherwise the serum is ana- 
complementary and the test must be repeated 
a. An antjcomplemcntary serum is one which 

has the ability to * fix” complement, 
b If a test with anticomplementary serum fs 
repeated with 0 05, 0 1 and 0 15 cc , it will 


often yield a clearly negative or positive 
result 

c. Each dilution must have a control (with- 
out antigen) for anticomplemcntaiy sub- 
stances 

IV. Spinal ndd. 

A. Spinal fluid is not inactivated 

B. Test Proper. 

1 Set up 4 tubes in duplicate in Rack I (Test 
Proper) for the 4 different amounts of spinal 
fluid used and the control for each. 

2 follow Table 54 for contents of the tubes. 


*. Table 54 Spinal Fluu>— Test Proper 


L 

Antigen d lution cc. 
icA QictA rt 1 

NaCl sol (0 85%) cc. 
Complement (1 JO) cc. 

ti 

VI 1 
0 2 
0 2 

T] 

1 5.' 
0 2 
0 2 

ail 
0 2 
0 2 

0 

at. 

0 2 

0 2 

Test ] 

Antigen dilution cc 
Spinal fluid cc 

NaCl sol (0 85%) cc. 
Complement (1 10) cc. 

0 2 

1 0 

0 

0 2 

0 2 
0 S 

0 

0 2 

0 2 
0 2 

0 

0 2 

0 2 

0 1 

0 

0 2 


3 Quantities of reagents are halved in order to 
conserve spinal fluid Maximum amount of 
spinal fluid relative to other reagents is ten 
times that used in serum tests. 

4 Carry through procedure as for serum in the 
qualitativ e serum test, using 0 8 cc of a sens 
ozed sheep corpuscle suspension. 

V. Quantitative Serum Test. 

A. Procedure. 

1 Set up 7 tubes and follow Table 55 for con 
tents. 

2 Carry through procedure as for qualitative 
serum test. 

B Reading of Results 

1 The serum control ( 1-2 dilution) should snow 
complete hemolysis. 

2 Report highest dilution in which there is an 
inhibition of hemolysis 

VI. Eoglc’e Complement fixation Teel for 
Gonorrhea. 

A. The reagents are the same as for the Eagle 
modification of the Wassermann test except 
the antigen 


Table 55 

Quantitative Serum Test (Eagle) 






Serum 

I control 



Quantitative test 



Serum dilutions 


I 2 

1 2 

1 8 

1 20 | 

o 

1-80 | 


Whole serum cc 

Serum (1 20) cc (0 I cc. -f 1 9 cc NaCl sol ) 
NaCl sol (0 85%) cc 

Antigen dilution cc 

Complement (1 10) cc 

0 2 

0 2 

0°4 

0 2 

0 2 

0 4 

0 4 

0 OS 

0 55 

0 40 ! 
0 40 ' 

0 4 i 
0 i 
0 4 1 

0 4 | 

0 2 

0 2 

0 4 

0 4 

0 1 

0 5 

0 4 

0 4 

0 05 

0 35 

0 40 

0 40 
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B. Antigen. 

1. The antigen is prepared from cultures of a 
great many strains of gonococcus and is best 
purchased from a biological supply company. 

2. It is necessary to titrate the antigen at frequent 
intervals 

a. Make a 1-10 dilution of the antigen in 
0 85% NaCJ solution and use this dilution 
in following Table 48 instead of a 1-40 
dilution. 

b. Also follow Tables 49 and 50 for the he- 
molytic and anticomplementary titrations. 

?. The amount of antigen used in the test is 1/? 
to 1/4 the smallest amount that is anticom- 
plementary, provided that this gives a strongly 
positive reaction with a known positive serum. 

C, Text Proper. 

1. Inactivate the serum for 30 minutes in a 56°C. 
water bath. 

2. Set up 4 tubes in duplicate for the 4 different 
amounts of serum used and the control of 
each. 

3. Follow Table 56 for contents of the tubes. 


II. Sodium Chloride Solution (0.85%) — See 
Eagle’s Modification, page 222. 

IH. Sheep Corpuscle Suspension (2%) — Pre- 
pare as described under Eagle’s Modification, 
page 222. 

IV. Antigen. 

A. All containers used for antigens must be 
absolutely dry. 

B. Preparation. 

1. Remove the fat, pericardium, and blood ves- 
sels from 6 or more fresh calves’ hearts. 

2. Grind the muscle in a meat grinder. 

3 Spread tissue in a large flat pan in a thin 
layer and dry rapidly with an electric fan. 

4. Pulverize the dried tissue in a meat grinder. 

5. Place 60 gm. of the powdered beef heart in 
a fijisk and add 200 cc. of chemically pure 
acetone. 

6. Stopper tightly and keep at room tempera- 
ture for 5 days with brief shaking each day. 

7. Filter through fat-free filter paper and dis- 
card the filtrate. 


Table 56. Complement-fixation Test for Gonorrhea 


Control 

i 

Antigen dilution, cc. . . . 

Serum, cc 

NaCIeol (0 85%),cc. 

Complement (1-10), cc 

0 

0 2 

0 4 

0 4 

0 

0 15 

0 4 

0 4 

0 1 
0 1 

0 4 

0 4 

05 

0 0 

0 4 

0 4 


EWrEUffffMTTffWI Ly 1 iii i mi' Ti'iV 

0 4 

0 4 

0 4 

0 4 



0 2 

0 15 

0.1 

0 05 



0 4 

0 4 

0.4 

0 4 


4. r A known positive and negative serum must 

be included in the test as well as complement 
and antigen controls. 

5. Incubate the tubes in the refrigerator for 3 
to 4 hours and then incubate for I hour in 
the water bath at 37°C 

6. Add 0 8 cc. of a sensitized sheep corpuscle 
suspension to each tube and incubate in the 
37 °C. water bath as in the Wassermann test 

D. Results. 

1. Read results in the same manner as in the 
Wassermann test. 

2. A negative reaction is obtained during the 
acute stage of gonorrhea. 

3. A positive reaction is obtained in about 35% 
of the cases of chronic gonorrheal arthritis. 

4. One must be cautious in interpreting positive 
reactions when the serum gives a positive 
Wassermann reaction. 

Kolmer’a Complement-fixatlon Test 
Reagents 

I. Serum to be Tested — See Eagle’s Alodlfica- 
tion, page 226 . 


8. Dry the residue and extract with 200 cc. of 
chemically pure absolute ethyl alcohol in a 
tightly stoppered flask or bottle for 5 days 
at room temperature, shaking daily. 

9. Filter through fat-free filter paper with slight 
squeezing of the tissue, measure the filtrate, 
and place in a bottle or flask which can be 
stoppered tightly. 

10. Ada cholesterol in the proportion of 2 mg. 

E er cc. of filtrate. 

fissolve the cholesterol and 2 to 4 gm. of 
acetone-insoluble lipoids in 40 cc. or ether, 
a. The acetone-insoluble lipoids are obtained 
by concentrating the first 4 ether ex- 
tracts used in the preparation of the Kahn 
antigen (p. 235). 

b- Concentrate to about a fifth of the vol- 
ume in an evaporating dish and add 3 to 
6 volumes of acetone . 

c. After mixing and standing overnight, the 
supernatant acetone is removed and the 
residue of acetone-insoluble lipoids is 
kept in the refrigerator. 

12. Add the dissolved cholesterol and acetone- 
insoluble lipoids to the alcoholic filtrate. 
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Table 57. Antigen Titration 


Tube 

0 5 cc. of serum 
dilutions 

0 5 cc. of antigen dilutions 

Compierawt 
f 2 full 
units) is cc 

Tube 1 

2 

3 

4 

5 

6 



1-80 

1-160 

1-320 

1-640 

1-1280 

1-2560 

1 



I -go 


1-320 

1-640 

1-1280 

1-2560 

1 

13 thru 18 

1-20 (0 025 a: serum) 

1*80 


1-320 

1-640 

1-1280 

1-2560 

1 



1-80 


1-320 

1-640 

1-1280 

1-2560 

1 

25 thru 30 

1-100 (0 005 cc serum) 

1-80 

1-160 

1-320 

1-640 

1-1280 

1-2560 

1 


13. Shake thoroughly and place in a water bath 
at 55°C for 1 hour to aid in the solution 
of the lipoids. 

14. Allow to stand at room temperature for 2 
or 3 days, with brief shaking each day, and 
then filter through fat-free filter paper. 

15. Keep at room temperature and do not dis- 
turb any sediment. 

C. Titration of Antigen. 

1. It is only necessary to titrate for antigenic 
activity, the hemolytic and anricomplemen- 
tary titrations can be omitted if the antigen 
is made as described above. 

2. Reagents Needed. 

a. Cholestcrolized antigen. 

b. Sodium chlonde solution — 0 85%. 

c. Known positive serum— this should con- 
sist of at least 4 different strongly posi- 
tive scrums mixed together. 

d Complement diluted so that 1 cc. will 
equal 2 full units. 

e. Amboceptor diluted so that 0.5 cc. will 
equal 2 units. 

f. Sheep corpuscle suspension — 2%. 

3. Make a 1-80 dilution of antigen by adding 
0 1 cc. of antigen drop by drop, with shak- 
ing between drops, to 7.9 cc. of 0 85% NaO 
solution in a large test tube or small flask. 

4. Prepare higher dilutions of antigen as fol- 
lows- 

4cc.of 1-80 + 4 cc. saline = 1-160 
4 cc of 1-160 + 4 cc saline = 1-320 
4 cc of 1-320 + 4 cc saJjne — J-640 
4cc. of 1-640 + 4 cc saline =■ 1 1280 
4cc of 1-1280 + 4 cc of saline — I-2J60 

5. Inactivate 3 cc. of strongly positive syphilitic 
serum in a water bath at 56°C- for 15 minutes 
and prepare the following 5 dilutions. 


Tube! 

0 85%NaCl| 
solution in ' 
cc 

Serum 
in cc. 

Serum 

dilution 

Serumm 

of dilution 

5 

3 

4 

5 

4 0 

4 5 

9 5 

2 0 

4 0 

1 0 

0 5 

0 5 

2 0 of 1-20 
l 0 of 1-20 

1-5 

1-10 

1-20 

1-40 

1-100 

0 1 cc. 

0 05 cc. 

0 025 cc. 

0 0125 cc. 

0 OOScc. 


6. Set up 5 rows of small test tubes with 6 in 
each row and follow Table 57 for contents of 
tubes. 

7. Add 2 control tubes. 

a. Serum control— containing 0.5 cc of 1-) 
dilution of serum made above and I cc. 
of complement containing 2 full units. 

b. Hemolytic system control—conraming 1 
cc. of NaCl solution and 1 cc. of com- 
plement containing 2 full units. 

8. Shake the tubes gently and place in die re- 
frigerator at 6 to 8 °C for 15 to 18 hoars, 
followed by incubation in a water bath at 
37°C for 10 minutes. 

9. Add 0 5 cc of amboceptor (2 units) and 05 
cc. of 2% sheep corpuscle suspension to all 
tubes. 

10. Place thumb on top of each tube and invert, 
wipe thumb on towel before turning the 
next tube. 

11. Place in a w-ater bath at 37°C for 1 hoot 
and then make readings and chart the results 
according to Table 58. 

12. The 2 control rubes should show complete 
hemolysis. 

13. The optimum amount of antigen to employ 
in the tests is the amount giving a -f ++T 
reaction with the smallest amount of serum 
a. If two dilutions of antigen give -f*f+T 

reactions with the smallest amount ot 
serum as in the 1-320 and 1-440 dilutions 
in Table 58, the optimum amount worn 
be the average of the two or 0 5 cc o: a 
1-500 dilution 

b Before a new antigen is used, the opo- 
mum amount should be checked against 
an antigen of proven sensitivity w a 
series of comparative tests employ m? 
weakly to moderately posim e serums. 

V. Ilemolytic Amboceptor (Antisbeer 
Hemolysin). 

A. Preparation — See Eagle's Modification, 
page 223. 

B. Titration. . 

I . It is advisable (but not absolutely ncccssa ^' 

to make this titration each rime the tests 
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Table 58 Reading of Antigen Titration (Example) 


Serum in 



Antigen i 

in 05 cc 



0 5cc 

1 80 

! 1 160 

1320 

1 640 ! 

1 1280 ! 

1 2560 

0005ce 

00125 cc 

0025 cc. 

OOocc 

0 1 cc. 



++ 

+ + + + . 
++ + + 
++++ 
++++ 


, ++ 
++++ 
++++ 
++++ 

+ 

+ 

++ 

4*+4* 


conducted 

2. Reagents Needed 

a Amboceptor to which glycerin has been 
added to make a 50% solution and there- 
fore 2 cc must be added instead of 1 cc 
to make a 1-100 dilution 
b Complement (1-30 dilution) 
c Sheep corpuscle suspension — 2% 
d Sodium chloride solution — 0 85% 

3 Prepare a stock 1-100 dilution of ambocep 
tor by mixing 2 cc with 94 cc of NaCl so- 
lution and 4 cc of 5% phenol in NaCl 
solution This will keep in the refrigerator 
for several weeks 

4 In a senes of 10 test tubes, prepare higher 
dilutions (with thorough mixing) asm Table 


Table 59 Dilutions for Amboceptor 
Titration 


Tube 

Amboceptor 
d lution 
in cc 

0 85% NaCl 
solution 
in cc. 

Final 

dilution 

1 

0 5(1 100) 

4 5 

1 1 000* 

2 

0 5(1 1000) 

0 5 

1 2000 

3 

0 5(1 1000) 

1 0 

1 3 000* 

4 

0 5(1 1000) 

1 5 

1-4 000* 

5 

0 5(1 1000) 

2 0 

1 5 000* 

6 

0 7(1 3000) 

0 7 

1 6 000* 

7 

0 7(1 4000) 

0 7 

1 8 000* 

8 

0 5(1-5000) 

0 5 


9 

0 5(1 6000) 

0 5 

1 12 000 

10 

0 5(1 8000) 

0 5 

1 16 000 


•This dilution js used for further dilutions. 


5 Set up a senes of 10 tubes in a rack and 
follow Table 60 for contents of tubes using 
amboceptor dilutions made m Table 59 

6 Mix the contents of each tube and incubate 
in the water bath at 37 °C. for 1 hour 

7 Read the highest dilution of amboceptor 
that gives complete hemolysis as 1 umt 

8 Dilute the amboceptor so that 0 5 cc equals 
2 units, for example if the umt equals 0 5 
cc. of 1 6000, two units equal 0 5 cc. of 
1 3000 

9 Dilute only enough of the 1-100 dilution of 
amboceptor for the tests for 1 day (see Table 


61) and keep in the refrigerator when not 
in use 

10 One unit of amboceptor should equal 0 5 cc. 
of a 1-4000 dilution or higher 

Table 60 Amboceptor Tttratiov 


Tube 

0 5 cc of 
amboceptor 
dilutions 

Complement 
(1 30) in 
cc. 

0 85% NaCl 
solution 
in cc 

2% sheep 
corpuscle 
suspension 
in Cc. 

1 

1 1000 

0 3 

1 7 

0 5 

2 

1 2 000 

0 3 

1 7 

0 5 

S 

1 3000 

0 3 

1 7 

0 5 

4 

1-4 000 

0 3 

1 7 

0 5 

5 

1 5 000 

0 3 

1 7 

0 5 

6 

1 6 000 

0 3 

1 7 

0 5 

7 

1 8 000 

0 3 

1 7 

0 S 

8 

1 10 000 

0 3 

1 7 

0 5 

9 

1 12 000 

0 3 

1 7 

0 5 

10 

1 16 000 

0 3 

1 7 

0 S 


Table 61 Preparation op Amboceptor for 
Test Proper 


1 unit 
in 0 5 
cc of 

2 units 
would be 

0 5cc of 

Dilute 1 cc of the 1 100 d lution 
with the following amounts of 

0 85% NaCl solution 

1 1000 

1 500 

4 cc 

1 2 000 

1 1000 

9 cc. 

1-3 000 

1 1500 

14 cc 

1-4 000 

1 2000 

19 cc. 

1 5 000 

1 2 MX) I 

24 cc 

1 6 000 

1 3000 i 

29 cc 

1-8 000 

1 4000 

39 cc. 

1 10 000 

1 5000 

49 cc. 


VL Complement. 

A. Preparation . 

1 Obtain guinea pig serum as described under 
Eagles Modification, page 222 

2 The guinea pig serum may be preserved by 
adding 240 mg of sodium chloride for each 
cc. of serum and kept in the refrigerator 

3 If salted complement is used, the 1 30 dilution 
used in the titration is made by adding cold 
distilled water, if a greater dilution is neces- 
sary for the test proper, first dilute to 1-30 
with cold distilled water and then add cold 
0 85% NaCl solution to make the dilution 
desired 
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Tablf 62 Complement Titration 


Tube 

Complement 
(130) 
m cc 

Antigen 
dilution 
in cc. 

0 85% NaCl 
solution 
in cc. 


Amboceptor 
(2 units) 
in cc. 

2% sheep 
corpuscle 
suspension in cc. 






?hake tubes 

0 5 

0 5 

Shake tubes 





gently 

0 5 

0 5 

gently 


0 30 

0 S 

1 2 

and place 

0 5 

0 5 

and place 





in water 



in water 





path (37*C ) 

0 5 

0 5 

bath (37*C) 



0 5 

1 1 

for 1 hr 

0 5 

0 5 

for 1 hr 


0 50 

0 5 

1 0 



0 5 


8 

0 55 

O 5 

I 0 





9 

0 60 

0 5 

0 9 





10 

none 

none 

2 5 


none 




B. Titration. 

1 Reagents Needed 

x. Complement — 3 . HQ dilution nude by 
adding 0 3 cc. of guinea pig serum to 
8 7 cc of cold 0 85% N 3 CI solution 
b Antigen diluted according to the antigeO 
titration 

c Sodium chloride solution — 0 85% 
d Amboceptor diluted so that 05 cc. con- 
tains 2 units. 

c. Sheep corpuscle suspension — 2% 

2 Setup 10 smrul test tubes in a rack and follow 
Table 62 for contents of tubes 

3 After the tubes have been incubated the sec- 
ond hour, determine the exact unit by read- 
ing the smallest amount of complement juft 
giving complete hemolvsis This should not 
be more than 0 5 cc or less than 0 3 cc If 
less than 0 3 cc , it is necessary to use 0 3 c C- 
as die exact unit as less complement falls 'bC 
low the absolute minimum and is likely to 
be unsatisfactory 

4 A full unit is the next higher tube which con 
tains 0 05 cc more complement. 

5 Two full units are used in the test proper 
Example 

Exact unit — 0 3 cc. 

Full unit = 0 35 cc. 

2 full units = 07 cc 

6 The complement is diluted for the test proper 
so that 1 cc. contains 2 full units. 

a. To calculate the dilution, divide 30 b> 
the amount equal to 2 full units, 
b Example 
jo 

— 4J or I cc. of 1-4J dilution of complement. 

c For additional examples see Table 63 

7 The dilution is made with cold 0 85% NaCl 
solution unless salted guinea pig serum is used 
and then it must be diluted as follows 

a If dilution is 1-30 or less, dilute with cold 
distdledwater 

b If dilution is greater than 1-30, make a 1 30 
dilution with cold distilled water arid 


further dilute with ct»ld 0 85% NiQ 
solution 

8 Keep in the refrigerator when not in use. 
Tabu* 63 Dilution or Complement roa Tot 
Proper 


Exact 

unit 

u cc. 

Full 

unit 

T»o full 
unit* in 
cL 

Dilation 

tons* 

0 30 

0 35 

0 7 

1-43 

0 35 

0 40 

O 8 




0 9 

2-33 

O 45 

0 50 

I o 


0 50 

0 55 

I » 


0 55 

0 60 

I 2 


0 60 

0 65 

1 3 



Teat Proper 
L Qualitative Method 

A. Serum. 


1 Set up 3 test tubes for each patients serum 
(inactivated) and add the following imxmg 
the NaCl solution and serum of the first robe 
well before transferring to the second an 
third tubes. 



0 85% MCI 
solution m 
cc. 

Patient a 

serum « 
cc. 

Amowt 
of serum 
present 



0 6. J 

0 2 cc. 





Tube 3 | 

0 5 

0 5 from Tube t ! 

0 2 — 


•Discard 0 Ji cc. from tube 2 , . n •> m 

••Tube 3 is the serum control and contains 
serum in J cc 


2 Sec up the following control tubes for each 
senes of tests. . 

a. Three test tubes, as above, containing 
known positive serum (inactivated; 
b Three test tubes, as above, conning 
known negative serum (inactivated; 

c. Antigen control — see Table 64 

d. Hemolytic control — see Table 64 

e. Sheep corpuscle control — see Table 
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Table 64 Qualitative Test (KoJmcr) 



Contents of , 






2% sheep 
corpuscle 
suspension 


ube 

tubes in cc 
of saline 
Serum 

Antigen 

dilution 


Complement 
(2 full units) 


Amboceptor 
(two units) 
in cc 



mixture 







1 

0 5 (0 2 
, cc serum) 

0 S 

Let 

1 0 

Shake tubes 

0 5 ! 

0 5 ' 

Shake tubes 



0 5 

stand 

1 0 


0 5 ; 

0 S ] 

well and 


cc serum) 1 


10 30 


place in the 






none 

nun at room 

1 0 

refrigerator 1 

0 5 | 

0 5 | 

the water 

Antigen 

cc serum) i 


temperature 


at 6 to 8°C i 



bath at 

0 5** 




orlS 18 brs. 



37 e C lor 

Control 

0 S 


1 0 

Then meu 

0 5 

0 S 


Hemolytic 









Control 

1 0** 



1 0 


0 5 

0 5 


Corpuscle 





37°C for 



Control 

2 5** 

none 


none 

10 15 m n 

none 

0 5 



•More sensitive readings are obtained 10 minutes after the antigen hemolytic and scrum controls show complete 
hemolysis 

**cc. of 0 85% NaCl solution only 


3 Follow Table 64 for the addition of antigen, 
complement, amboceptor, and sheep corpus- 
cle suspension and tune of incubation 

B. Spinal Fluid. 

1 Set up 5 test tubes and add 0 25 cc of 0 85% 
NaCl solution to the second tube and 05 cc 
to the third 

2 Add 0 5 cc of spinal fluid to the first and 
third tubes and 0 25 cc to the second tube 
The third tube is the control and should not 
contain antigen 

3 Follow Table 64 for the addition of antigen, 
complement, amboceptor, and sheep corpuscle 
suspension and time of incubation. 

4 If prezone or nonspecific reactions are ob- 
tained, repeat the rests and add 0 2 cc. of a 
50% solution of egg albumin in sterile NaG 
solution to each tube containing spinal fluid, 
a. The egg albumin solution js made by 

breaking a fresh egg and separating the 
white from the yolk 

b Pick oat the heavy particles from the 
white or filter through several layers of 
gauze 

c Measure, beat briefly, and add an ecjual 
volume of sterile 0 85% NaCl solution 
d This solution will keep m the refrigerator 
for about 2 u eeks 

e An alternate method is to make a 10% 
solution of the egg albumin m sterile NaQ 
solution and use this for diluting the com- 
plement so that 1 cc contains 2 full units. 

C. Interpretation of Results of Qualitative 
Tests. 

I The serum, hemolytic, and antigen controls 
should show complete hemolysis, the sheep 
corpuscle control should show no hemolysis 


2 Read the test according to inhibition of he- 
molysis as described on page 228 

3 Report as follows 

a Strongly positive -f—f-f—f- in first or sec- 
ond tubes Examples 4 4, 4 3, 3 4 
b Moderately positive ++4-+ >n first tube 
only Examples 4 2, 4 1 
c Weakly positive +++, -f~f, or -f in 
one or both tubes Examples 3 1, 2 1, 
3 — , 2 — , 1 — 

d Doubtfully positive + in either tube 
e Negative complete hemolysis in both 
tubes 

U Quantitative Method 

A. Serum 

1 Set up 6 test tubes for each patient's serum 
(inactivated) and add the following, mixing 
the contents of each tube well before trans- 
ferring to the next tube. 


Tube 

DS5% NaCl 
solution 
in cc. 

Patient s 
serum in 

cc 

Amount 
of serum 
present 

1 

0 9 

0 6 

0 2 cc. 

2 

0 5 


0 1 cc 

3 

0 5 

0 S from Tube 2 

0 OScc. 

4 

O S 

O J from Tube 3 

0 025 cg 

5 

2 0 

0 5 from Tube 4* 

0 005 cc 

6 

0 5 

0 5 from Tube 1 

0 2cc»* 


•Discard 2gf from tube 5 

••Tube 6 is me serum control and contains 0 2 cc of serum 
in 1 cc 


2 Set up the following control tubes for each 
senes of tests 

a Six test tubes, as above, containing a known 
positive serum (inactivated) 
b Six test tubes, as above, containing a known 
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negative serum (inactivated) 
c Antigen control— see Table 64 
d Hemolytic control — see Tabic 64 
e Sheep corpuscle control — see Table 64 

3 Follow Table 64 for the addition of anogen, 
complement, amboceptor, and sheep corpus- 
cle suspension and for time of incubation 

B Spinal Fluid. 

1 Set up 6 test tubes for each spinal fluid and 
add the following, mixing the contents of 
each tube w ell before transferring to the next 
tube 


1 

Tube' 

0 85% NaCI 1 
solution 

Spinal fluid 
in cc 

Amount of 
spinal fluid 
present 

I 


0 5 


2 

0 5 

0 5 

0 25 cc 

3 

0 5 

0 5 from Tube 2 

0 125 cc. 

4 

0 5 

0 5 from Tube 3 

0 0625 cc 

5 

0 5 

0 5 from Tube 4* 

0 0312S cc 

6 

0 5 

0 5 

0 See *• 


•Discard 0 See from tube 5 

••Tube 6 is the spinal fluid contro and contains 0 5 cc of 
spinal fluid in 1 cc. 


2 Follow Table 64 for the addition of antigen, 
complement, amboceptor, and sheep corpus- 
cle suspension and time of incubation 

3 See spinal fluid qualitative test for prezone 
or nonspecific reactions 

C. Interpretation of Results of Quantitative 
Test. 

1 Read in the same manner as the qualitative test 

2 Report as follows 

a. Very strong positive +++4. in third, 
fourth, or fifth tubes. Examples 4 4 4 4 4, 
4444 — , 4442 — , 444 ,344 

b Strongly positive 44+4 m the second 
tube Examples 4 4 3 1 — , 4 4 2 — - . — 

342 ,44 

c Moderately posime 4+++ in the first 
tube Examples 43 1 ,42 , 

d Weakly positive +4+ or less in 1 or 

more tubes Examples 3 2 1 , 2 1 

, 1 

e Doubtfully positive ± in the first tube 

Example A 

f Negative Complete hemolysis in all tubes 

m. Kolmer’s Complement fixation Test for 
Gonorrhea. 

A, The reagents are the same as for the Kolmer 
complement fixation test for syphilis except 
the antigen. 


B. Antigen. 

1 The antigen is prepared from cultures of a 
great many strains of gonococci and is best 

P urchased from a biological supply company 
or the anticomplemcntary titranon set up 
1 2 test tubes in a rack and follow Table 65 
for contents of tubes The hemolytic con 
trol should show complete hemolysis and the 
corpuscle control no hemolysis. 

3 If a known positive scrum is available, an 
antigenic titration is advisable bur not abso- 
lutely essential. 

4 The serum must be inactivated for 30 min- 
utes at 56°C 

5 For the antigenic titration set up 12 test tubes 
in a rack and follow Tabic 66 for contents 
of tubes The serum and hemol) tic controls 
should show complete hemolysis and the 
corpuscle control no hemolysis. 

6 An antigen may be used in an amount equiva 
lent to about 1/3 or 1/4 of its anocomple 
men tary unit. 

7 If an antigenic titranon is made, the amount 
used should be at least 2 to 10 antigenic units 
providing this is no more than 1/3 of the 
anticomplemcntary’ unit. 

8 The antigen should be reutrated every 2 or 
3 months 

C. Test Proper. 

1 Follow either the qualitative or quantitative 
method for Kolmer's complement fixation test 
for sy plulis using gonococcus antigen instead 
of beef heart anogen, 

2 The readings should be made 10 minutes after 
complete hemolysis of the anogen and serum 
controls 

3 For interpretation of results, see Eagle’s com- 
plement fixation test for gonorrhea, page 228 

^ Kahn Flo cculation Teat 
L Apparatus Needed. 

A. Test Tubes. 

I Test tubes should have an inside diameter of 
0 9 cm and length of 7 5 cm. 

2 Vials for the preparaoon of anogen dilution 
should have an inside diameter of I 5 an. ana 
length of 5 5 cm. 

B. Pipettes. 

1 As many’ 1 cc. pipettes graduated in 0 01 cc. 

as serums to be tested. , 

2 One 1 5 cc pipette graduated in 0 05 cc. tor 
anogen 

3 One 0 25 cc pipette graduated in 0025 cc. 
for anogen. 
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Table 65. Anticomplementary Titration of Gonococcus Antigen 


Tube 

Antigen 
dilutions, 
05 cc. 

0 85% NaCl 
solution 
in cc 

Complement 
(2 full units) 
in cc 


Amboceptor 
(two units) 
in cc 

2% sheep 
corpuscle 
suspension 
m cc 

Shat-e tubes 
well and 
incubate m 
the wrater 
bath at37°C 
for 1 hr , 
then read 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Hemolytic 

Control 

Corpuscle 

Control 

undiluted 

1-2 

1-3 

1-4 

1-6 

1-8 

1.10 

1-12 

1-16 

1-20 

0 

0 

0 S 

0 5 

0 5 

0 5 

0 5 

O S 

0 5 

0 5 

0 5 

0 5 

1 0 

2 5 

1 0 

1 0 

1 0 

1 0 
l 0 

1 0 

1 0 

1 0 

1 0 

1 0 

1 0 

0 

1 

0 5 

0 5 

0 5 

0 5 

0 5 

0 S 

0 5 

0 5 

0 5 

0 5 

0 5 

0 

0 5 

0 5 

0 5 

0 5 

0 5 

0 5 

0 5 

0 5 

0 5 

0.5 

0 5 

0 5 

Table 66. Antic 

enic Titration of Gonococcus Antigen 

Tube 

Antigen 

dilutions, 

0 5 cc 

Positive 

serum 

in cc 

Complement 
(2 full units) 
m cc 


Amboceptor 
(two units) 
in cc 

2% 6heep 
corpuscle 
suspension 
in cc 


1 

MO 

0 5 

1 0 


0 5 

0 5 

Shake tubes 

2 

1-20 

0 5 

1 0 


0 5 

0 5 

well and 

3 

1-40 

0 5 

1 0 

place in the 

0 5 

0 5 

incubate in 

4 

1-60 

0 5 

1 0 

refrigerator 

0 5 

0 S 

the water 

5 

1-80 

0 5 

I 0 


0 5 

0 5 

bath at 3 7*0 

6 

MOO 

0 5 

1 0 

for 15 18 

0 5 

0 5 

for 1 hr , 

7 

1-200 

0 5 

1 0 

hrs Then 

0 5 

0 5 

then read 

8 

MOO 

0 5 

1 0 

incubate in 

0 5 

0 5 


9 

1-400 

0 5 

1 0 

water bath 

0 5 

0 5 


Serum 

0 Sec. 

0 5 

1 0 

at 37°C for 

0 5 

0 5 






30 min 





1 Occ. 

0 

1 0 


0 5 

0 S 










Corpuscle 

2 See. 

0 

0 


O 

0 5 


Control 

saline 








4. One 0.125 cc. pipette graduated in OOI25 cc. 
for antigen. 

5. One 10 cc. pipette for NaQ. solution. 

C. Tcgt Tube Rack*. 

U. Reagents Required, 

A. Sodium Chloride Solution — 0.9%. 

B. Serum. 

1. Prepare as for the Wassermann test. 

2 Inactivate by heating for 30 minutes at 56°G 
in a water bath 

C. Antigen Extract. 

1 Remove the fat, pericardium, and blood ves- 
sels from 6 or more fresh calves' hearts 

2. Grind the muscle m a meat grinder. 

3. Spread tissue in a large flat pan in a thin layer 
and dry rapidly with an electric fan 

4. Pulverize, the dried tissue in a meat grinder. 

5. Extract 25 gm. of the powder 4 times with 
anesthesia ether by shaking the bottle for 10 


minute periods with 100, 75, 75, and 75 cc. 
of ether respectively. 

6. After each extraction the ether is filtered off 
through filter paper, applying gentle pres- 
sure to the beef heart by means of a spatula. 
When no more ether passes through the 
funnel, return the beef heart to the original 
bottle. 

7. After the last extraction transfer the moist 
beef heart to a large sheet of filter paper and 
dry until there is no odor of ether. 

8. Weigh the dried beef heart and place in the 
same bottle which has been dried and freed 
of ether odor. 

9. Add 5 cc. of 95% alcohol for each gram of 
powder. 

10. Shake the bottle for 10 minutes and leave 
at room temperature for 3 days without 
shaking. 

11. Ar the end of this period, shake die bottle 
for 5 minutes and filter extract into a dry 
bottle. 
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12 Add 6 mg of chemically pure cholesterol for 
each cc of extract. 

13 Dissolve die cholesterol b) rotating the bot- 
dc m a water bath at 37 °C. 

14 When all the cholesterol has been dissolved 
filter the antigen 

15 Allow to stand at least one day before otra 
tion 

16 All stoppers, rubber or cork, that come in 
contact Midi the antigen must be covered 
with high grade tin foil 

III Titration of Antigen 

A* Determination of Antigen Dilution, 

1 Add l cc of cholcsterohzed antigen to each 
of five vials 

2 To five similar vials add 0 8, 0 9, 1 0, 1 1 and 
t 2 cc , respectiv elj , of 0 9% NaCl solution 

3 Empty each NaCl sohmon vial into a given 
antigen vial and immediately pour the mixture 
quickly back and forth at least 6 times to 
permit diorough mixing (Do not wait to 
dram the vial ) 

4 Let stand 30 minutes 

5 Test, in NaCl solution, the solubility of the 
flocculation in each of the 5 antigen dilutions 
as follows 

a. Pipette 0 05, 0 025, and 0 0125 cc amounts 
respectively, of each antigen dilution into 
3 standard tubes for the test, using a 0 1 
cc pipette graduated in 0 001 cc. Deliver 
the quantities to the bottom of the tubes 
b Add 015 cc of 0 9% Nad solution to 
each tube 

c Shake all tubes vigorously for 3 minutes 
d Add 0 5 cc. of 0 9% NaCl solution to each 
tube 

e Examine each tube to determine whether 
the onginal antigen dilution flocculation 
has gone back into solution 
f The antigen NaCl solution mixture, con- 
taining the smallest amount of NaCl solu- 
tion in proportion to antigen and having 
a flocculation which dissolves in Nad so- 
lution represents the end point of this o 
tration and determines the dilution of anti- 
gen for the tests 

B Determination of Seruilivenegt of Antigen 

1 Compare the new antigen with a known 
“standard Kahn antigen-’ 

2 Select 10 inactivated serums as follows 
a. Two known negative serums 

b Two strongly positive serums * 
c. Six weakly positive serums 

3 Run duplicate tests with the new and old 
antigen and compare the results. 

4 If the two antigens give comparable results. 


the new antigen is considered a “standard 
Kahn antigen v ’ 

IV Method for Standard Teat. 

A. Preparation of Standard Antigen Dilution 

1 Have all apparatus set up before prepanng 
antigen dilution 

2 Antigen dilution may be prepared for 20 
tests at a time 

3 If the antigen titer is 1 1, measure 1 2 cc of 
antigen into one antigen vial and 1 2 cc of 
09% NaCl solution into another 

4 Pour the Nad solution into the antigen and 
immediately pour the mixture back and forth 
at least 6 times. Do not wait to dram the 
vial 

5 Allow this antigen dilution to stand 10 min 
utes at room temperature before pipetting 
The antigen is only good for 30 minutes after 
mixing 

B Pipetting of Antigen, 

1 Pipette antigen dilution for 10 tests at a tame 
immediately before the serum is to be added 

2 Sliakc the antigen well (closing the mouth of 
the vial with the thumb) before pipetting and 
frequently during pipetting 

3 Pipette the following amounts and deliver to 
the bottom of die tubes 

a In the first row, 0 05 cc., wnth a ! 5 cc. 

f ipettc 

n the second row, 0 025 cc, with a 025 
cc pipette 

c In the third row, 0 0125 cc., with a 0 125 
cc pipette 
C. Pipetting Serum 

1 Add 0 15 cc of each inactivated serum to each 
of the 3 antigen dilution quantities by means 
of a I cc pipette graduated in 0 01 cc. 

2 As soon as tne scrums have been added for 10 
tests, shake die rack sufficiently to insure 
mixing the serum with antigen dilution 
D Controls in First RacJc, 

1 Antigen Control 

a Pincttc the 3 regular antigen amounts and 
add 0 15 cc. of 09% NaCl solution 
b All 3 tubes should show no flocculation. 

2 Pout tie Serum Control 

a Add 0 15 cc of a known positive serum 
(inactivated) to the 3 regular antigen 
amounts c*" 

b All 3 tubes should show a heavy floccn 
laoon 

3 Negative Serum Control 

a. Add 0 15 cc of a known negative serum 
(inactivated) to the 3 regular antigen 
amounts 
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b Afl 3 tubes should show no flocculation 

E Shaking 

1 After pipetting serums for 20 tests or one 
rack, snake vigorously for 3 minutes 

2 If a shaking machine is used, it should oscil 
late 275 to 285 times per minute with a stroke 
of one and one half inches 

3 If there are onh a fen tests, die anfrgerr serum 
mixture should stand 3 to 7 minutes before 
the final 3 minute shaking period 

F. Addition of Sodium Chloride Solution 

1 After shaking, add 1 cc of 0 9% NaQ solu- 
tion to each tube in the front row containing 
0 05 cc. of antigen and 0 5 cc. of 0 9% NaCl 
solution to each tube in the other two rows. 

2 Also add 09% NaCl solution to the antigen 
negative and positive serum controls in the 
same manner 

3 Shake sufficiently to mix contents of tubes 

G Reading f{c$ult # 

1 About 5 minutes after the addition of the 
NaCl solution read the jrests by holding .the 
tubes in ajslajiting positio n 2 to 3 inches in 
front o f the concave surface of a microscope 
mirror Daylight or artificial light may be 
used 

2 Lool at the 3 tubes of each test very care 
fully for flocculation 

3 Interpret a definite flocculation suspended in 
a clear medium as 4 plus and proportionately 
weaker reactions as 3 2, and 1 plus respec- 
tively 

4 Read each tube separately and total the pluses 
of the 3 tubes and report as follows 

a. A total of 6 to 12 pluses in the 3 tubes is 
reported as positive 

b A total of V/i to SVi pluses inclusive is 
reported doubtful 

c A total of 2 pluses or less is reported nega 
tive (A reaction is considered as / z in 
totaling ) 

V. Method for Quantitative Teat 

A. Method , 

1 Prepare 9 serum dilutions according to Table 
67 

2 Prepare the antigen suspension in the same 
manner as for the qualitative test and let 
stand 10 minutes 

3 Pipette J) 01 cc of the antigen dilution into 
each of 10 tubes 

4 Add 015 cc of undiluted serum and a 
similar amount of each of the 9 serum dilu- 
tions ro each of the 10 rubes respectively, 

5 Shake for 3 minutes and then add 0 5 cc of 
0 9% NaCl solution to each tube 


6 Shake to mix 

7 Read as described under standard test and 
determine the number of Kahn units 

B Determination of Kahn Unite 

1 A definite flocculation (+++-}-, -f-, or 

++) is recorded as positive while a weak 
reaction or dr) is considered negative 

2 If the serum gives a positive reaction only in 
the undiluted state it is reported to contain 
Kahn units as indicated by the plus signs (4 
units, 3 units, 2 units, respectively) 

3 The potency of any serum which is positive 
on dilution is determined according to the 
following formula 

S = 4D 

S — serom potency’ in terms of Kahn units 
D — the highest dilution ratio giving a positive re 
action 


Table 67 Preparation or Serum Dilutions 


Tube 

0 9% NaCl 
solution 

Ul cc 

Serum in cc 

Serum 

dilution 

I 

0 5* 

0 5* 

1 2 

2 

0 5 

0 5 of 12 

1~1 

3 

0 5 

0 5 of 14 

1 8 

4 

0 5 

0 5 of 1 8 

1 16 

5 

0 5 

0 S ofl 16 

1 32 

6 

0 5 

0 S of I 32 

1 64 

7 

0 5 

0 Soil (A 

1 12S 

8 

0 5 

0 5 of 1 128 

1 256 

9 

0 5 

0 Soil 256 

1 512 


•A smaller amount (0 4 or 0 3 cc ) may be used if not 
enough serum is available to use 0 5 cc 


4 For example if serum dilution 1-4 es positive 
and 1 8 negative the serum contains 4 X 4 or 
16 Kahn units 

5 Serums showing 4 or more units are reported 
* Positive, 4 Kahn units " or ‘ positive, 1 6 Kahn 
units,’ etc 

Supplementary Kahn Tests 

When serum is so excessively nch in antibody 
that it requires a relative excess of antigen sus 
pension to give maximum flocculation, a supple 
mentary test is run This is indicated (1) xthen 
flocculation is marked in the first tube and weak 
or negative in the second and third tubes of the 
standard test and (2) when the three tubes in 
the standard test show a border line reading such 
as efc, +, -K -K or perhaps a ++, -|~K 
If *the supplementary examination does 
not show a positive reaction the three tube stand 
ard test which showed flocculation in the first 
tube must be considered a weak or doubtful re- 
action. 
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I. Test Using Excess Antigen. 

A. Method — set up 2 tubes and add contents as 
follows 


| Tube 1 | 

Tube 2 

Antigen suspension, cc 

Scrum cc 

l Q 02 1 
| 0 02 

1 0 02 
| 0 04 

Shake tube* 3 minutes 

0 9% NaCl solution, cc 

| 0 3 

1 0 3 


Shake to mix 


B. Interpretation. 

1. Tubes 1 and 2, or at least 2, should show defi- 
nite flocculatjon reactions if the serum is 
strongly positive. 

2. If this supplementary test is also border-line 
or questionable, it is probably a nonspecific 
flocculation due to conditions other than 
syphilis. 

II. Partial Quantitative Test. 

A. Method. 

1. Dilute serum I - 5, 1-10, and 1 - 20 with 0 9% 
NaCl solution and test each dilution with 
antigen suspension in a proportion of 15 to 1. 

2 Set up 3 tubes and ado contents as follows* 


AnWgensuspenwon.cc ^ 

; Tube 1 

Tube 2 

Tube 3 

Diluted serum, cc 

, <3 

0 15 
(1 5) 

0 Ok 

0 15 
0-10) 

O O 

0 15 
0-20) 

Shake tubes 3 minutes 

09% NaCl 
solution, cc 

| 0 5 

| 0 5 

| 0 5 


Shake to mix. 


B. Interpretation. 

1. If 1 or more tubes show definite flocculation, 
the serum can be considered positive. 

2. Some serums are so potent that they may not 
show a positive reaction until further dilu- 
tion is made, as a 1-40 or 1-80. 

Kahn Verification Teat 
The verification test consists in performing 
Kahn tests at 37°, 21°, and 1°C- Since the test 
is done routinely at approximately 21°C, the 
basic differential temperatures are 37° and 1°C. 

L Method for 37°G 
A. Mixing Sernm and Antigen at 37°C. 

1. Place a 10 cc. antigen and as many 1 cc. 


pipettes as needed in a 37°G incubator to 
warm. 

2. Place a rack containing the following in the 
37 = C water bath: 

a. Three small test tubes for each serum to 
be tested. (Do no more than ten test* 
at one time.) 

b. Three test tubes for a posithe scrum con- 
trol. 

c. Three test tubes for a negative serum con- 
trol. 

d. Three test tubes for an antigen control 

e. Serum to be tested, previously inactivated 

f. Known positive serum, previously inacti- 
vated. 

g. Known negative serum, previously inacti- 
vated. 

h. Sodium chloride solution (0-9%) — enough 
for all tests. 

i. Kahn antigen first mixed at room temper- 
ature as usual and then transferred to a 
small Kahn tube and stoppered with a 
cork wrapped in tin foil- 

3. After 15 minutes use the warm pipettes to 
add the following to the tubes in the raci 
which is kept in the water hath. 

a. The usual amounts of antigen suspension 
(0 05, 0 025 and 0 0125 cc.) for each test 
and controls. 

b. The usual amounts of serum (0 15 cc) to 
the tubes for each test, including the pos- 
itive and negative control. 

c. Sodium chloride solution (0 15 cc.) to 
the antigen control tubes. 

4. Shake the rack for 10 seconds and leave in 
the water bath for 5 to 10 minutes. 

B. The test is finished at room temperature. 

1. Remove the rack from the water bath (except 
the 0 9% NaCl solution which is left in the 
bath) and proceed as in the standard test. 

a. Shake for 3 minutes. . , 

b. Add warm 0 9% NaCl solution as in the 
standard test. 

c. Shake to mix. , 

2. Read immediately and record as for the stan - 
ard test. 


II. Method for 1°C. 

A. fee bath improvised with chopped ice. 

B. Procedure — each step described for 37 C. is 
earned out at 1°C 


HI. Correlation of Readings. 

A An increase in reaction at 37’C 
change or a decrease at 1 °C is cons! cr 
syphilitic type of reaction. 
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B. An increase at 1°C. with a decrease or no 
change at 37°C is conisdered a biologic type 
of reaction, this type of reaction is that nor- 
mally given by the serum of many animals 
and is nonspecific 

C. No definite change is reported as inconclusive 

Kline Flocculation Test 
L Apparatus Needed. 

A, Ptpettcs. 

1 As many 1 cc pipettes graduated into hun- 
dredths as serums to be tested 

2 A capillary pipette which will deliver a drop 
equal to about 0 008 cc ( 62 drops per 0 5 cc ) 
(A synnge and 25 gauge needle may be used 
if it delivers drops of the correct size ) 

B Glass Slides tcith Paraffin Itwgs. 

1 Use large glass slides 2 by 3 inches 

2 Clean with Bon Ami paste by letting it dry 
and wiping it off with a cloth 

3 Paraffin rings (14 mm in diameter) arc made 
on the slides by dipping a special loop into 
smoking paraffin (about 120°C ), draining 
quickly at one point, and then pressing it 
on the slide If the paraffin is too not, it will 
spread too much and the chambers will be 
too small 

\ Preparation of Special Loop 

a Wind a soft iron wire (No 28) twice 
around a test cube (15 mm outside diam 
eter) forming a double loop and leaving 
a double shaft about an inch in length 
b Twist the 2 shafts together to within a 
quarter of an inch of the free ends 
c Remove the looped wire from the test 
tube and fasten a No 12 linen thread to 
the free ends of the shaft, 
d Make several twists around the shaft and 
then wind the loop tightly with the thread 
and continue up the shaft to fasten the 
thread to the 2 ends of the wire by twist- 
ing them 

e Bend loop at right angles to the shaft and 
clamp the shaft w ith a straight hemostat. 

IL Reagents Required. 

A, Sodium Chloride Solution — 0 85% 

1 Prepare with distilled water having a pH of 
about 6 

2 Water of the right pH will give a lilac color 
when 1 drop of cnlorphenol red indicator 
(LaMorte) is added to 0 25 cc of water 

B Serum. 

1 Prepare as for the Wassermann test. 


2 Inactivate by heating for 30 minutes at 56°Q 
m a water bath 

G Cholesterol Solution — 1%. 

1 Place 1 gm of cholesterol (Pfansaeh}, c p ) 
m a 200 cc glass-stoppered bottle and add 
100 cc of absolute ethyl alcohoL 

2 Place m a 50 to 56°C oven for 45 minutes 
with gentle shaking for a few minutes at 15 
minute intervals to dissolve the cholesterol 

D, Antigen Extract. 

1 Place 200 gm of dried beef heart powder 
(prepared in same manner as for Kahn anti 
gen) in a 2 liter Erlenmeyer flask 

2 Add I liter of absolute ethyl alcohol (99 plus 

%> 

i Stopper flask with a cork covered with tin 
foil and shake vigorously by hand at in 
tervals for 2 hours, the total shaking should 
be 20 to 30 minutes 

4 The extract is filtered into a liter cylinder 
through good grade filter p3per of medium 
texture. 

5 During filtration the mixture is stirred with 
a w ooden tongue depressor and, toward the 
end, pressed with the cork until the powder 
is quite dry 

6 The extract (about 775 cc ) is placed m the 
refrigerator at 8 to 10°C. for 24 hours during 
which time a fairly heavy white prccipi 
tate settles out 

7 The extract is again filtered and the filtrate 
placed in a large evaporating dish 

8 The filtrate is concentrated to about 3 5 cc 
on a water bath or by an air heater (bath- 
room heater) at 45 or 50°C 

a This temperature is determined by a 
thermometer bulb within the extract, 
b During the evaporation of the alcoholic 
extract, an irregular festoon appears at 
the periphery 

c. When the extract reaches the proper 
concentration the festoon disappears and 
the margin of the concentrated extract 
is sharp (Place in a 37*G incubator over- 
night if necessary ) 

9 Pour quickly 500 cc of c p acetone, heated 
in an incubator to S0°G, into the concen 
trated extract It is important that the ace- 
tone be at this temperature but not above if 

10 To be sure of complete precipitation, the 
evaporating dish is placed in the incubator 
at 37°C for 15 minutes after which the ace 
tone is carefully decanted, leaving a soft 
brown wax adhering to the side of the dish 

. The dish is placed in a water bath or meu 
bator at 45 to 50°G for about 30 minutes. 
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or until the odor of acetone is no longer de- 
tectable 

12 The wax is then worked together and placed 
in a glass-stoppered bottle 

13 Add 80 cc of absolute ethyl alcohol which 
has been kept in the paraffin oven at 56 Q C 
for 30 minutes 

14 After a few minutes shaking, the bottle is 
placed in a paraffin oven at 56°C for 30 min- 
utes to dissolve as much of the wax as pos 
siblc Shake gently after it is in the o\en 
15 minutes 

15 Remove the bottle from the oven and shake 
for a few minutes and then place it in the 
refrigerator at 8 to 10°C for 45 minutes 

16 Filter and ciaporate the filtrate at 45 to 
50°C (water Lath or air heater) until a 
soft brown wax (antigen wax) ts kfe. 

17 Place the wax in a weighed glass-stoppered 
bottle and for each gram add 10 cc. of ab- 
solute ethyl alcohol 

18 After the bottle is shaken for a few minutes 
it is placed m the paraffin o\cn at 56°C for 
30 minutes and then shaken a few minutes 
again The wax is not completely soluble 
in the alcohol 

19 The slightly turbid solution is placed at 8 
to 10°C. for about an hour and is then 
filtered. 

20 The resultant clear filtrate is the antigen and 
contains about 8 75% of the alcohol treated 
acetone insoluble wax 

21 The antigen is keDt at room temperature and 
should be good for at least 6 months. 

22 Purification 

a In a warm room (70®F or more), pipette 
5 cc. of distilled water (pH about 6) into 
a liter Erlcnmeyer flask, 
b Add 10 cc. of antigen, as prepared above, 
by holding die tip of the pipette against 
the neck of the flask 

c Rotate the flask on a flat surface for i 
minute with considerable vigor and then 
rotate more gently for 1 minute control- 
ling the motion to collect the wax, which 
has precipitated out, toward the center 
d Allow the flask to stand until the 
setdes and sticks to the bottom (about 
15 seconds) 

e Carefully decant the fluid by slowly tilt- 
ing the flask forward on a flat surface to 
a level just permitting the fluid to run 
out 

x Continue the tilting until the flask is 
completely inverted 

g Allow the flask to dram on a piece of 
filter paper for 2 to 3 minutes, 
h Dry' the inner wall of the flask with a 


gauze sponge for a distance of a few 
inches and place with the open end up 
in a 50°C incubator for 1 hour or more, 
i At the same time place a 30 cc glass- 
stoppered bottle, a 10 cc pipette and a 
bottle of absolute alcohol m the J0 C C 
incubator 

j The following extracting process is car 
ned out inside the incubator 
k After 1 hour or more, pipette 5 cc. of 
the waftn ethyl alcohol into the flask con 
taming the wax 

1 Fifteen minutes later shake the flask until 
the wax is completely dissolved in the 
alcohol (1 to 5 minutes) 
m Tilt the flasl to collect the fluid and then 
pipette it into the botde 
n Again add 5 cc of absolute a/cohof to the 
flask shake about 15 seconds, and pipette 
the fluid into the botde 
o Add absolute alcohol to the flask die 
third time in such quanoty (about 3 to 4 
cc ) that, when it is transferred, the total 
in the botde will be 10 cc It is an ad 
vantage ro have previously marked the 
10 cc level on the botde with a wax pen- 
ciL 

p Stopper the botde and transfer to a 37 e G 
incubator until the following morning 
after wluch it is kept at room tempera 
ture 

q The purified antigen solution may at tint 
be somewhat turbid but will clear after 
standing several hours If an appreciable 
Quantity of wax settles out, the soluuon 
snould be filtered 

r This procedure may be earned our with 
smaller quantities of antigen and propor 
uonately smaller quantities of water w 
small Erlcnmey er flasks 
III Teal Proper 
A- Antigen Emulsion 

1 Pipette 0 85 cc of distilled water (pH about 

6) into a I ounce botde. . 

2 Allow- 1 cc of a 1% solution of cholesterol 
in absolute ethyl alcohol to run dowm the neck 
of the bottle The botde is held by the ned 
and gendy rotated for 20 seconds 

3 Add in the same manner 0 1 cc of the antigen 
stopper, and shake v igorously against the stop- 
per for 1 minute 

Add rapidly 2 45 cc. of 0 85% NaQ solution 
(pH about 6), stopper, and shake again lest 
vigorously for 1 minute. 

The emulsion, when examined under the ra 
croscope at a magnification of about 120 tunes, 
shows numerous tery fine particles but n 
clumps 
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6 Place the bottle containing the emulsion in 
a water bath at 35°C. for IS minutes It is 
ready for use as soon as heated 

7 If kept at room temperature, it is satisfactory 
to use for 48 hours after preparation 

B. Method. 

1 Pipette 0 05 cc of serum into a paraffin ring 
on a glass slide 

2 To the serum add 1 drop of the antigen emul 
sion from a capillar)- pipette or a syringe and 
needle which delivers 62 drops per 0 5 cc 

3 Rotate the slide on a flat surface for 4 min- 
utes 

4 The results are read at once through the 
microscope at a magnification of about 120 
times (low power objective, eyepiece 12) 
with the light cut down as for urine sedi 
ments. 

5 The results are reported according to the 
degree of dumping and the size of the dumps 
Compare with a known positive and negative 
serum set up at the same time 

6 Any spilling from the chamber makes the 
reaction unsatisfactory and the tesr on the 
serum concerned should be repeated 

Mazzmi Flocculation Teat 
L Apparatus Needed. 

A. Pipettes 

1 Six 5 cc. graduated pipettes, one for the test 
proper ana 5 for the antigen titration 

2 As many 1 cc pipettes graduated in hun- 
dredths to the op as serums to be tested 

B. Bottles. 

1 Round bottles of 30 cc capacity for preparing 
3 4 cc. of antigen suspension 

2 A round bottle of 15 cc capacity for pre 
paring half-quantity (17 cc ) of antigen sus 
pension 

C. Syringe — a 5 cc syringe with a 25 gauge 
needle for delivering antigen 

D. Glass Slides with Paraffin Rings — prepare 
as described under Kline Flocculation Test, 
page 239 

II. Reagents Required. 

A* Serums. 

1 Prepare as for the Wassermann test. 

2 Inactivate in a 56°C water bath for 30 min- 
utes. 

B. Antigen Extract. 

1 Prepare powdered beef heart as described 
under Kolmer’s antigen, page 229 
2. Place 20 gm of powdered beef heart, 10 
gm. of powdered egg yolk (may be obtained 


from Bessire and Co , Inc , Indianapolis, In 
diana), and 200 cc of anesthesia ether in a 
500 cc. wide-mouth, glass-stoppered bottle 

3 Shake m a mechanical shaker for 5 minutes 
or by hand for 15 minutes 

4 Filter through a fat-free 24 cm filter paper 
mto a liter flask 

5 Repeat this ether extraction 4 additional 
times using 100 cc of ether each time 

6 A new filter paper is used for each filtration 
and all the ether filtrates are collected in 
the liter flask, the combined filtrates will be 
used later 

7 After the last extraction spread the moist 
powder on new filter paper and allow to 
dry completely 

8 Place the dried powder in a 500 cc. glass 

S stoppered bottle, add 80 cc of absolute 
' 1 alcohol, and agitate in a mechanical 
er for 4 hours or leave at room temper 
ature for 3 days with 5 minute periods of 
shaking 3 tames each day 
9 Filter mto a 100 cc wide mouth, glass-stop- 
pered bottle and discard the powder 
10 The combined ether extract from the first 
extractions is treated as follows 
a. Place in a large evaporating dish (8 5 
inches in diameter) and evaporate the 
ether bv placing the dish in a water bath 
at 55 °C. until no ether bubbles rise to 
the surface of the liquid 
b Warm 100 cc of acetone (Merck’s Re- 
agent) to 55°C in an incubator or water 
bath and pour rapidly into the concen- 
trated ether extract 

c Stir thoroughly with a steel spatula and 
immediately decant mto two 50 cc cen 
tnfuge tubes and centrifuge at 2000 rev 
olutions per minute for 5 minutes 
d Pour the acetone off and discard, 
e Add 10 cc of fresh acetone to each tube 
and stir the acetone-insoluble lipoids with 
a glass rod, place the palm of the hand 
over the mouth of the tube and mve-t 
several times 

f Pour off the supernatant acetone and 
discard 

g Collect the acetone insoluble lipoids 
with a spatula and add to the alcoholic 
extract in 9 above 

11 Place the bottle containing the alcoholic ex 
tract and acetone-insoluble lipoids in a 55°C 
water bath for 80 minutes shaking gently at 
frequent intervals, place in the refrigerator 
for 30 minutes to cool. 

12. Filter through a fat free 12 5 cm filter paper 
of fine texture and the anbgen filtrate is 
ready to titrate 
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13 Any precipitate that appears on standing is 
removed by filtration 

14 Keep tightly stoppered m a brown bottle at 
room temperature 

C. Cholesterolized Alcohol — 1% 

1 Place 500 mg of c p cholesterol (Pfanstichl, 
ash free) in a 100 cc. glass-stoppered bottle 
and add 50 cc of absolute ethyl alcohol 

2 Heat in a 55°C. water bath with agitation at 
frequent intervals until the cholesterol is com 
pletely dissolved 

3 Filter through Whatman No 50 filter paper 

D Buffered Salt Solution. 


Sod am chloride c p 2-025 gm 

Sodium phosphate d bas c {anhydrous 
NajHPO«) 0169gm 

(or 042S gm of crystalline NijHPOj 12H-0) 
Potassium phosphate, monobasic 
{KH2PO4) 0050gm. 

Double distilled water 250 0 cc. 

N HQ 0.8 cc 

Formalin (Merck 1 Reagent) 02S cc 


1 Filter and check the pH which should be 
6 3 to 6 4 

2 Keep in a glass stoppered pyrex bottle 

3 If trie solution should become contaminated 
with any debris it should be filtered 

HI. Titration of Antigen 

A. Preparation of C/io/esfcroZizciI Antigen 

1 Set up in a rack of 5 test tubes labeled 1 to 5 

2 Place 0 1 cc of the antigen extract directly 
into the bottom of each tube 

3 Add 0 9 cc., I 4 cc., I 9 cc., 2 4 cc., and 2 9 cc 
of 1% cholesterolized alcohol to each of the 
5 tubes respectively and mix the contents 
thoroughly 

4 Tube I contains antigen in a 1 10 ratio, tube 
2 a 1-15, tube 3 a 1-20 tube 4 a 1-25, and 
tube 5 a I 30 

B Preparation of Antigen Suspensions 

1 Label five 30 cc. bottles 1 10, 1 15, 1-20, 1-25, 
and 1-30 respectively 

2 Pipette 3 cc. of buffered salt solution into each 
of the 5 bottles 

3 With a 1 cc. pipette graduated to the dp, 
measure 0 4 cc. (reading from the bottom of 
the pipette) of the 1-10 cholesterolized anti- 
gen, hold the bottle in the left hand and impart 
a rapid rotating motion to it as the antigen 
is being discharged directly and at once into 
the buffered saline from the pipette held in 
the right hand 

4 Draw the suspension mro the pipette and blow 
in and out 2 or 3 times 

5 Add in the same manner the 1 15, 1-20, 1-25, 
and 1-30 cholesterolized antigen to the bottle 


with the corresponding label 

6 Cork the bottles and let stand at room tem- 
perature for 3 hours 

C. Trial of Antigen Suspensions 

1 At the end of 3 hours, shake the 1-IOsuspen 
sion gentlj from bottom to cork and back 10 
times and then pour into a 5 cc synnge fitted 
with a 25 gauge needle 

2 Place 0 05 cc of each of 30 negative serums 
into corresponding paraffin rings 

3 Discharge 1 drop of the 1-10 suspension into 
each of the 30 scrums 

4 Rotate the slide w ith a circular, slight!) ‘ jerk 
mg motion for 4 minutes at 120 rotations 
per minute. 

5 Examine the results under the low power ob- 
icctive of the microscope with subdued light 
There should be numerous, uniformly dis- 
persed very small round or slightly elongated 
particles of lipoid-cholesterol complex with 
out the slightest clumping 

6 Repeat using each of the other 4 suspensions 
with the same scrums and record the results 

7 Suspensions showing spontaneous clumping 
of the particles can not be used m the test 
proper 

D Determination of the Antigen Titer . 

1 Select 10 partially positive serums (1, 2, and 
3 plus) and place 0 05 cc. of each into cor 
responding paraffin rings 

2 Discharge I drop of the 1-10 anugen sus- 
pension into each scrum and rotate for 4 min- 
utes at 120 rotations per minute 

3 Examine as described above and record n 
suits 

4 Proceed in the same manner with each sus- 
pension of anocen which did not show any 
clumping with the negative serums 

5 The antigen oter selected for the test propet 
is the one showing the maximum sensicmcy, 
that is, the suspension containing the highest 
bpoid-diolesterol ratio wluch gives a posior* 
reaction but docs not cause the least clumping 
in the presence of negative serums 

6 Enough cholesterolized antigen of the P r0 P“ 
titer can be prepared for 1 month, keep ognt 
ly stoppered 

IV. Test Proper. 

A. Antigen Suspension. 

1 Prepare an antigen suspension from 2 cho c* 
tenzed antigen of the ratio determined ) 
the previous titration 

2 Cork the bottle and allow to sand at 
temperature for 3 hours (or place the do 
m the refrigerator at 6° to 8°C for 15 
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utes, however, this is not as satisfactory) 

3 This suspension may he used for 24 hours 

B. Qualitative Test tcith Serum. 

1 Shake the antigen suspension gently from the 
bottom to corlc and back 10 tunes and trans- 
fer to a 5 cc springe with a 25 gauge needle 

2. Pipette 0 05 cc of each patient’s serum into 
a corresponding paraffin nng 

3 Pipette 0 05 cc of a known positive and nega- 
tive serum m adjacent paraffin rings for con- 
trols 

4 Discharge 1 drop of antigen suspension into 
each serum 

5 Rotate the slide for 4 minutes at 120 rota- 
tions per minute 

6 Examine each nng microscopically to make 
certain that no serum has “jumped” the nng 
and contaminated another 

7 Examine each serum with a low power ob- 
jective with subdued light, being careful to 
examine the periphery of the rings for clumps, 
for occasionally the clumps become compact 
and locate at the penphery 

8 Recording results 

a No clumping=negative 
b Very small clumps=4~ 
c. Small clumps= 4-4- 
d Medium size clumps=4*4-4- 
c Large clumps=4-4-4-+ 


9 Zone Reactions 

a Type I — insufficient antigen 

1) Irregular aggregates appear with the 
smaller clumps predominating 

2) Add another drop of antigen and ro- 

tate slide for another 4 jpmxites and 
read. ^ , 

b Type II — excess of reagin 1 » 

1) Very few small clumps are present. 

2) Repeat test using senal' dilutions of 
serum as in the quantitative test. 

C. Quantitative Test with Serums. 

1. Set up 6 test tubes in a rack and number 1 
through 6 

2 Add 0 5 cc of 0 85% NaG solution to each 
tube 

3 Add 0 5 cc of serum to tube I and mix, trans- 
fer 0 5 cc to tube 2 and mix, transfer 0 5 cc 
to tube 3 and mix, continue through tube 6 

4 Repeat test as described under qualitative test 
for each dilution. 

5 Report results m terms of actual quantity of 
serum tested, for example 

002J0cc — + + *f + 

00125 cc. = + 4- + + 

00052 cc. = +4-4- + 

00031 cc. — 4* + 

0.0015 cc. = + 

0.0007 cc — negative. 
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General Consideration* 

There is no laboratory procedure in which 
the results of erroneous technique or interpreta- 
tion are more disastrous than tn the typing and 
cross matching of blood The direct result of 
a mistake may be fatal 

Blood Group* 

L The Four Major Blood Groups. 

A. All human bloods have been divided into 4 
groups with certain subgroups This group- 
ing is the result of the interaction of ag- 
glutinins found in the serum or plasma and 
agglutinogens present in the erythrocytes 
Corpuscles containing agglutinogen A are ag 
glutinated strongly by serums containing 
agglutinin a and less strongly by serums con 
taming both agglutinins a and b (ab) Cor 
puscles containing agglutinogen B are aggluti- 
nated strongly by scrums containing aggluti 
run b and less strongly by serums containing 
both agglutinins a and b (ab) Corpuscles con 
taming both agglutinogens A and B (AB) arc 
agglutinated strongly by scrums containing 
both agglutinins a and b (ab) and less strongly 
by serums containing agglutinin a or b Cor 
puscles containing no agglutinogens, group 
0 are not agglutinated by any serums See 
Table 70 

B There are 3 different classifications of the 4 
blood groups The Jansky classification is 
used chiefly m Europe The Moss classifi- 
cation has been used very extensively in this 
country The Internationa] or Landstemer 
classification uses the letters of the agglutino- 
gens in the corpuscles to designate the group 
This classification is now used universally as 
it is self explanatory and less apt to lead to 
confusion See Table <58 for a correlation of 
the different classifications and group inci 
dence 

II. Subgroup* 

A Groups A and AB can be divided further 
into subgroups. The corpuscles of group A 
blood contain either Ax or A 2 agglutinogens 
and the blood is designated subgroup Ai or 
A 2 according to the agglutinogen present. 


The aggluonogens Ai and A 2 are also the 
basis of the subgroups of AB which are caUed 
AjB and A»B Approximately 1 m 5 md) 
viduals of Group A s or Group AB belong to 
subgroup A 2 or subgroup A 2 B There ait 
two mam varieties of ‘a* agglutinin present 
m the scrum of groups B ana O (1) anu-A 
agglutinin proper or ‘V reacting with both 
agglutinogens Aj and A 2 with approximately 
equal intensity, (2) anti A t agglutinin or “af 
which reacts with agglutinogen Aj but ntf 
with aggluonogen Ax 


Table 68 Blood Groups avd Their hanrsQ 


equivalent blood 
groups 

Agglutm 
ogen 
in try 
throcytes 

Ajglu 

tnn 

in 

serum 

Percent 

of 

indi- 

vidual 

Land | 
sterner i 

Moss 

Jansky 

AB 

I 

IV 

AB 


6 

A 

II 

II 

A 

b 


B 

III 

III 

B 

a 


0 

IV 

I 


ab 



B. The subgroups are important, because «g 
glua nogens Ai and A 2 differ considerably u 1 
sensitivity, also their reactivity is often weafc 
er in group AB while the agglutinogen p 
does not vary in sensitivity The relative 
sensitivity of the A aggluonogens in tie 
subgrojps is as follows Ai' N AtB>A->A 
For this reason, if a weak and A (Group V) 
typing serum is used, it is possible that s pa 
tient of group A 2 or A 2 B may be typy 
wrongly due to the low reactivity of the A* 
agglutinogen Group A 2 would be caue 
group O and group A 2 B would be cabe 
group B 

C. For routine work it is not necessary to dcKC| 
the subgroups Cross-matching of the blooo> 
of the patient and prospeenve donor must 
done roudnely ana this avoids the danger 
undetected subgroups 


TTT. Agglutinogen* M anil A 
. Humans can be divided into 3 distinct type* 
according to whether their cr)^irocytes 1:0 , 
tain agglutinogen M (50%), N (20%)*^ 
both M and N (30%) These agglutinogen* 
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are entirely different from agglutinogens A 
and B and are not encountered m routine 
blood typing, because anti-M or ano-N ag- 

f lutimns are extremely rare in human serum 
rom hundreds of thousands of typings there 
have been only 7 cases of anti-M aggluti- 
nins reported, 4 of which were presumably 
natural and 3 were produced by immuniza- 
tion through blood transfusions No cases 
having ann-N agglutinins have been reported 
B. Typing for groups M, N, and MN is not a 
routine procedure and is usually done onlj 
for medicolegal purposes, see Table 73 The 
ano-M and anti N typing serums are obtained 
from rabbits that have been immunized with 
group O erythrocytes of known M and N 
groups The production of good typing se- 
rums of this land is a difficult ana compli- 
cated procedure 

IV. Agglutinogen P- 

A. Humans can be divided into 2 groups accord- 
ing to whether their cry throe j tes contain the 
agglutinogen P or whether it is absent. About 
75% of the people are P positive and 25% 
P negative Cases in which human serum con- 
tains anti P agglutinins are very rare, so ag- 
glutinogen P does not interfere with routine 
blood typing 

B. Serum containing anti-P agglutinins for typ- 
ing is obtained from normal animal serum, 
particularly from pigs and horses which fre- 
quently contain these agglutinins 

V. Rh and Hr Factors — See page 249 
Blood Typing 
I. General Considerations. 

A Time Required for Agglutination. 

1 Some bloods show stronger agglutination re- 
actions than others, characterized especially 
by the speed in agglutinating 
l. Enough time must be allowed so that less 
sensitive cells will agglutinate 
B. Temperature Necessary for Typing, 
t The tests should be performed at room tem- 
perature or at 37°C, to rule out the possibility 
of cold agglutinins interfering in the test. 

2 Rarely a patient’s serum will agglutinate his 
own corpuscles at room temperature (auto- 
agglutmation) but not at body temperature 
Autoaggluumns have been found in patients 
with multiple myeloma, paroxysmal hemo- 
globinuria, cirrhosis of the liver, hemolytic 
anemia, and trypanosomiasis 


C Controls. 

1 Although not necessary, a group O serum 
may be used in typing as a control for the 
ann-A and anu-B typing serums. 

2 A drop of the blood cell suspension alone on 
the slide will rule out any clumping of the 
cells that may be mistaken for agglutination 
when the suspension is mixed with the typing 
serums 

H. Solutions. 

A Sodium Chloride Solution — 0.85%. 

B Blood Cell Suspension — -1 to 2%. 

1 Puncture the ear or finger and allow 1 or 2 
drops of blood to fall directly into a small 
test tube containing about 3 c c of 0 85% 
NaCl solution 

2 Mix immediately by inverting the tube a 
few times 

C AnlUA. and Anli-B Typing Serums. 

1 Collect blood aseptically by venipuncture 
from healthy individuals of groups A and B 
between the ages of 20 and 30 who are known 
to have high utered serum 

2 Place in the refrigerator overnight 

3 Centrifuge immediately after raking out of 
the refrigerator and separate the serum with 
asepuc precautions 

4 Inactivate the serum for 15 minutes at 56°G 
to desrroy the complement. 

5 After obtaining the titer of the serum , it may 
be preserved by one of the following meth 
ods 

a Keep in 1 cc sterile glass stoppered bot- 
tles in the refrigerator 

b Distribute in sterile capillary tubes after 
which the ends are sealed in a flame Stote 
in the refrigerator 

6 Method for determining titer of serum. 

a. For each serum (ano-A and ann-B) pre- 
pare 5 dilutions as follows, mixing the 
contents of each tube thoroughly before 
transferring a portion to the next tube 


Tube 

0 85% NaCl 
solution in cc 

Strum 
m cc 

Dilution of 

1 

0 8 

0 2 

1 5 

2 

0 5 

0 5 ofl 5 

1 10 

3 

0 5 

0 5 of 1 10 

1 20 

4 

0 5 

0 S of 1 20 

1-40 

5 

0 S 

0 5 of 1-40 

1 80 


b Prepare a 2 5% suspension of group A 
(preferably A 2 ) blood in 0 85% NaCl so- 
lution. 

c. Prepare a 2 5% suspension of group B 
blood m 0 85% Nad solution. 
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d. Set up 10 small test tubes and follow 
Table 69 for contents 


Table 69. Titration of Typing Serums 


Tube 

0 2cc of 

0 2ce.ot 
blood cctl 
suspension 

Tinal 

dilution 

1 

1-5 anti-A 

A 

1-10 

2 

1-10 anti A 

A 

1-20 



A 

1-40 

4 

1-40 anti-A 

A 

1-80 

5 

1-80 anti-A 

A 

1-160 

15 


B 

1-10 

7 


B 

1-20 

8 

1-20 anti-n 

n 

1-40 

9 

1-40 anti D 

B 

1-80 

10 

1-80 anti B 

B 

1-160 


e. The tubes are allowed to stand with occa- 
sional shaking for 2 hours at room temper- 
ature after which they arc examined mac- 
roscopically for clumping. 

f. A satisfactory anti-B serum should have a 
titer of 1-40 (final dilution) or higher. 

g. A satisfactory anti-A serum should have a 
uter of 1-80 (final dilution) or higher if 
the subgroup of the A cells used is not 
known. If tne cells used arc of subgroup 
A 2 , then a titer of 1-40 is satisfactory. 

h. If the typing scrums are diluted with an 
equal amount of 0 857c Nad solution be- 
fore using in the slide method for typing, 
the titers must correspond to the next 
greater dilution. 

HI. Slide Method for Typing. 

A. Material t Needed. 

1. Anti-A and anti-B typing serums. 

2. A 1% saline suspension of the blood cells of 
the padenr prepared fresh the day of the test. 

J. Glass slides with 2 paraffin rings similar to 
those used in the Kline serology test (p. 239) 

B. Method. 

1. Label one end of the slide A and the other 
end B. 

2. With a capillary pipette place a small drop 
of anu-A serum in the ring marked A. 
and with a different capillary pipette add a 
small drop of unknown coipusdes; mix 
thoroughly with a pin. 

3. In the ring marked B, place a small drop of 
anti-B serum (using a clean pipette) and 
a small drop of unknown corpuscles and 
mix thoroughly with a pin. 

4. Carefully rotate the slide on a flat surface 
for 5 minutes to secure thorough mixing. 

5. Examine for agglutination of the corpuscles 
with the low power objective of the micro- 


scope. When the reaction is complete, the 
agglutinated corpuscles appear as brick red 
granules to the unaided eye. Do not con- 
fuse rouleaux formation or false dumping 
at the edges with agglutination. See Fig 26. 

6. If agglutination lus not taken place, exam- 
ine every 5 minutes for 30 minutes, 1 hour 
for children, mixing each time by tilting the 
slide back and forth to prevent the corpus- 
cles from settling in the center. 

7. To prevent evaporation, cover the slide with 
the top of a Petri dish when not examining 
it. 

8. If no agglutination has taken place in 30 
minutes (or 1 hour for children), the reac- 
tion can be considered negative. 

9. By comparing the results ohtained with 
anri-A and anti-B serums with Table 70 
or Fig. 26, the group of the unknown cells 
can be determined. 

10. Sec sources of error in blood typing under 
V. 

11. Although blood groups are not fully devel- 
oped at birth, the blood of young infants 
should be typed, because agglutinogens are 
always present in the cells and agdunnms 
are present in the serum in 50% of the cases. 

12. To determine whether a person of group A 
belongs to subgroup Ai or subgroup A*, 
retype the cell suspension using anri-A 
serum in which the agglutinin for Aj ag- 
glutinogen has been removed by absorption 
with Ao corpuscles. This scrum wall only 
agglutinate cells of group Aj. 


Table 70. Reaction Between the Acglutlvo- 
cens and Agglutinins of the 81000 Groups 


Cells | 



"senim 


AB 

(-) 

A 

(anti-B) 

B 

(anti A) 

0 

(anti A and B) 

AB 


+ 

+ 

+ 

A 



+ 


B ! 





O 

— 






+ "agglutination of cells 
— «*no agglutination of cells. , . 

Capital letters »"blood groups and also agglutinogens 
blood cells 

Agglutinins in the scrum in parenthesis. 

IV. Test Tube Method for Tjiiirtp. 


V. Material 1 Needed. 

1. Anti-A and anti-B typing serums 

2. A 2% saline suspension of the blood ctio 
of the patient prepared fresh the day of 
test. 

I. Sodium chloride solution — 085%. 

1. Small test tubes (7 nun. diameter). 
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B. Method. 

1 Label l test tube A and another B 

2 Place 1 drop of 0 85% NaCl solution m each 

3 Add 1 drop of undiluted anti-A typing serum 
to the tube labeled A. 

4 Add 1 drop of undiluted anti-B serum to 
the tube labeled B 

5 Add 1 drop of the patient’s blood cell sus- 
pension to each tube 

6 Alix by shaking and then allow the tubes to 
stand at room temperature for S minutes 

7 Centrifuge the tubes for 1 minute at 2000 
revolutions per minute 

8 Shake gently to suspend the cells or clumps 
and examine macroscopically for clumping 
(The concave mirror of the microscope may 
be used to magnify small clamps ) 

9 If in doubt about the presence of clumping, 
place a drop of the suspension on a slide 
and examine with the low power objective 
of the microscope 

10 Compare results with Table 70 or Fig 26 to 
determine the blood group 

V. Sources of Error in Blood Typing. 

A. False Negative Itvaclioiia. 

1 The use of typing serum of low uter due 
either to a low original ater or to a gradual 
decrease resulting from the aging of the 
scrum 

2 Low sensitivity of agglutinogens of the eryth- 
rocytes frequently occurs m children, in 
stored blood, and with agglutinogen A 2 of sub- 
groups A 2 and A«B The most common er- 
rors are to call group A 2 , group O, and group 
A S B, group B Because of this low agglua- 
nogen reactivity, it is necessary to have typing 
serums of high titer 

3 The masking of agglutination by rapid he 
motysis when fresh high titer typing serums 
are used that have not been inactivated to 
destroy the complement 

4 The use of a too dilute cell suspension If the 
cells are too far apart, the agglutinating force 
will not bring them together and dumping 
will not occur 

5 The use of a too concentrated cell suspension, 
which may result m the absorption of the 
agglutimns from the serum before agglutina- 
tion occurs, that is, there are not enough ag- 
glutinins to go around 

6 The preparation is not allowed to stand a 
sufficient length of time for agglutination to 
take place 

7 The failure to label the typing serums cor- 
rectly or the interchange of serums in per- 
forming the test This is the most dangerous 
error 


B. False Positive Reactions. 

1. Pseudoagglutination or rouleaux formation 
The cells are arranged in rows resembling a 
stack of coins Groups of these may have the 
appearance of agglutination If examined un- 
der the high dry objective of dig microscope, 
each cell retaiiKjts normal stupe while in 
truTaggludnation JnBlvIduaf 'cells a? eTused 
wi th other s V A drop of QJ$5% NaCl solu- 
tion may be added and the mixture agitated 
The cells disperse if there is rouleaux forma- 
i-tion but remain clumped in true agglutination 

2 Agglutination due to “cold agglutinins” 
These are present m an occasional blood and 
cause agglutination when the serum and cells 
are cold or the test is-carned out below Z0®G 

3 Agglutination due to the presence of “auto- 
agglutmins” in a few individuals Although 
the autoagglutinins are m the serum, the cells 
of some of these individuals will also show 
agglutination regardless of the testing serum 
The test must be performed at 37 °G or the 
cells must be washed with 0 85% NaCl solu 
lution at 37°C before using in the test. Cross- 
matching tests must be earned out at body 
temperature as the serum of such a patient 
agglutinates cells of all groups at lower tem- 
peratures as well as his own cells 

4 The presence of small clumps of cells in the 
blood cell suspension when it is made from 
clotted blood, or when the tube is not invert 


Group 

AB 


*V8 « 

[anU • * anti-EF ^ 


.-tsVv# 

i -/»*>£• 

anti A ’ « anti B * ** * 



.ff! If 

f* 

anti A" - f 

antx B « 




anti A c * s 


antiB 


Fig 26 Reaction of anti A and ami B Typing Serums 
with the Corpuscles of the Four Major Blood Group*. 
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ed after adding fresh blood to the saline so- 
lution. This can be ruled out by examining 
a drop of the cell suspension with the low 
power objective of the microscope. 

5. Bacteriogenic agglutination due to changes in 
either the blood cells or serum produced by 
certain bacteria; this will not occur if a fresh 
cell suspension and typing serums 3 re used 

6. Contamination of typing serum with clumps 
of bacteria, fungi, or molds which may be 
mistaken for clumped red blood cells. 

7. Drying of the preparation. 

Cross-Matching 

I. General Considerations. 

A. Cross-Matching. 

1. Cross-matching is done to determine com- 
patibility between the blood of the patient 
and the blood of the prospeenve donor. 

2. Cross-matching must dc aone before each 
transfusion. 

3. If the patient is receiving a series of trans- 
fusions, fresh blood of the patient must be 
obtained for cross-matching before each new 
transfusion. 

4. Cross-matching at room temperature will not 
rule out incompatibility due to Bh agglutinins 
w hich act only at body temperature. 

5. When plasma or serum transfusions arc given, 
it is only necessary to cross-match the patient’s 
cells with the serum or plasma. Howes er, if 
pooled serum or plasma from a number of 
individuals is used, it need not be cross- 
matched. 

6. When a red blood cell suspension (dtrated 
blood which has been centrifuged, the plasma 
removed, and the cells suspended in 0.85% 
NaCl solution) is used for a transfusion, it is 
only necessary to cross-match the patient’s 
serum with the cell suspension. 

B» Donors. 

1. A serology test for syphilis must he done on 
the donor’s serum before each transfusion. 

2. A donor of the same group as the patient 
must be used; only under extreme emergency 
should a person belonging to group O be 
used as a universal donor. 

3. A person with & history of tuberculosis, ma- 
laria, infectious hepatitis, allergy, blood dys- 
crasia, anemia, or a recent infection or jaun- 
dice should not be used as a donor for a 
transfusion 

4. The donor should not eat for 3 hours before 
the blood is drawn for the transfusion. 

II. Test Tube Method. 

A. Solutions Needed. 

1. Blood cell suspension of both patient and 
donor (see solutions for blood typing). 


2. Serum of both patient and donor. 

3. A 20% albumin solution. 

It, Method. 

1. Mark one small test tube P.C (patient’s cells) 

D.S. (donor’s scrum). 

2. Mark another small test tube P.S (patient’s 
serum) + DC. (donor’s cells). 

3. In the tube marked P.G-fDi>., place 005 
cc. of patient’s cell suspension, 0 I cc. of do- 
nor’s serum, and 0.15 cc. of albumin solution, 

4. In the test tube marked P.S.+D.G, place 0 1 
cc. of the patient’s serum, 0,05 cc. of the 
donor’s cell suspension, and 0.15 cc. of al- 
bumin solution. 

5. Shake both tubes and let stand 5 to 30 min- 
utes in a incubator depending on the 
emergency of the transfusion. Incubation 
rules out incompatibility due to the presence 
of Rh agglutinins. 

6. Centrifuge tubes at medium speed for 1 min- 
ute. 

7. Obsene any hemolysis in the supernatant 
solution. 

8. Shake the tubes gently until cells are dis- 
tributed in the solution. 

9. Agglutination can be seen macroscopically, 
but for a check always place one drop from 
each tube on a slide and examine for clump- 
ing with the low power of the microscope. 

10. If there is any clumping of the cells or any 
hemolysis, the bloods are not compatible 
and another donor must be cross-matched 


ITF. Slide Method. 


A. Materials Ncciled. 

1. Blood cell suspension of both pauent and do- 
nor (see solutions for blood typing). 

2. Scrum of both patient and donor. 

3. Slides with paraffin rings as described for the 
Kline serology test (p 239). 


B. Method. 

1. Mark the left hand end of the slide with PL 

(patient’s cells) -f D.S (donor’s serum) and 
the other end P.S (patient’s serum) + DU 
(donor’s cells). . , 

2. To the left hand end, add I drop of patients 

cells and one drop of donor’s serum us' n S 
separate capillary pipettes. , 

3. To the right hand end, add 1 drop of patien 

serum and one drop of donor’s cells usi g 
separate capillary pipettes, , * 

4. Carefully rotate the slide on a flat surface 

5 minutes to secure thorough mixing- , 

5. Examine for agglutination of the cells v 
the low power 'objective of the microscope- 

6. Continue to examine at intervals for 3" ^ 

utes, mixing each time by tilting the 
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Table 71 Classification of Rh-Hr Blood Types and Subtypes (Modified from 
Wiener and from Race, Mourant, and McFarlane) 


Rh Blood 
Types 

Reaction with 
serums 


Reaction with 
serums 



Approximate 

Anti 

Rh' 

(C)* 

Anti 

Rh” 

(E)* 

Anti 

Rho 

(D)* 


Anti 

Hr' 

(c)* 

Anti 

Hr' 

(e)* 

Anti 

Hro 

(d)* 

Sub Types* 

(per cent among 
Caucasians in 
New York City) 

rb 

- 

a 

- 

r (ede) 

+ 

+ 

+ 

XT 

(ede/ede) 

13 0 

Rh' 

+ 

| 

— 

R'(Cde) 

+ 

+ 

+ 

+ 

+ 

R'R' 

R'r 

fCde/Cde) 

(Cde/cde) 

0 01 

1 0 

Rh” 



_ 

R ’ (cdE) 

+ 


+ 

R' R" 

(cdE/cdE) 







+ 

+ 

+ 

R'r 

(cdE/cde) 


Rh'Rh” 

+ 

+ 


R' " or R* 

— 

_ 

-f 

RyRr 

(CdE/CdE) 

•• 





(CdE) 

+ 

+ 

+ 

+ 

+ 

+ 

RyR 

R R, 
Ryr 

(CdE/Cde) 

(cdE/CdE) 

(CdE/cde) 

0 01 

Rh 0 


_ 

+ 

RO (cDe) 

+ 

+ 

— 

RoRo 

(cDe/cDe) 

} 2 0 

, 





+ 

+ 

+ 

Ror 

(cDe/cde) 

Rh^Uho ) 

+ 



+ 

Ri (CDe) 

— 

+ 

_ 

R,R, 

(CDe/CDe) 







+ 

+ 

+ 

+ 


(CDe/Cde) 

(CDe/cDe) 

} 34 0 






+ 

+ 

+ 

Rir 

(CDe/cde) 

RbjfRho”) 

_ 

+ 


Ri (cDE) 

+ 

__ 

— 

RiRi 

(cDE/cDE) 






+ 

+ 

+ 

+ 

R,R 

(cDE/cdE) 

(cDe/cDE) 

\ 1 2 0 






+ 

+ 

+ 

R»r 

(cDE/cde) 

Rh,Rh, 

+ 

+ 

+ 

Ri*or R* 

— 

_ 

— 

RrR* 

(CDE/CDE) 

0 2 




(CDE) 



+ 

R z Ry 

(CDE/CdE) 







+ 

+ 

+ 

R*R 

R"R, 

(CDE/Cde) 

(cdE/CDE) 

» 






+ 

4- 


Ri r; 

RaRz 

(CDe/CDE) 

(cDE/CDE) 

** 






+ 

+ 


RoR 

(cDe/CDE) 

| 14 5 






+ 

+ 


R* r 

(CDE/cde) 


•Fisher s nomenclature, 
**No cases observed 


back and forth to prevent the settling of 
the corpuscles in the center 

7. Cover the slide with the top of a Pern dish 
when not examining it to prevent evaporation 
and keep at room temperature 

8 If there is any clumping of the cells, the bloods 
are not compatible and another donor must 
be cross marched 

IV. Sources of Error in Cross Matching. 

1. Incorrect labeling or pipetting of solutions 

2 Masking of agglutination by hemolysis 

3 The use of a too dilute or too concentrated 
cell suspension 

4 Gumps in the cell suspension used 

5 Not allowing the preparation to stand a suf- 
ficient length of time for agglutination to take 
place 

Rh and Hr Factors 
L General Considerations. 

A. Rh Factor. 

1. This is an agglutinogen present in the eryth- 


rocytes of about 87 per cent of white people 
and practically 100 per cent of the American 
Indians, Chinese, Japanese, Tilipinos, Hawaii 
ans, and Australian aborigines 
2 The 3 anti-Rh agglutinins make possible 8 Rh 
types (see Table 71) 

B, Anti Rh Agglntmmg 
1. There are 3 anti Rh agglutinins, anti-Rh 0 
which agglutinates the cells of 85 per cent of 
the white population, ana-Rh' agglutinating 
70 per cent, and ana-Rh" agglutinating 30 
per cent. These usually occur in the following 
combinations ana Rh 0 ' (anti Rh 0 Rh') which 
agglutinates 87 per cent of Rh positne cells, 
and ana Rh 0 " (anti-Rh 0 Rh") which due to 
the Rh" type being very rare agglutinates 
approximately the same number as ana-Rho 
2 Rh agglutinins are not normally present m 
serum and when present are always due to 
immunization 

3. The Rh agglutinogen acts as an antigen pro- 
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ducing ana Rh aggluamns under certain con 
ditions 

a An Rh negative woman carrying an RH 
posiuve fetus may produce anu Rh agglu 
timns v hich in rum react tvirh the Rb sg 
glutmogcn in the fetus resulting in crytn 
roblastosis in the baby 

1) The best time to test for ann Rh ag- 
gluunins in the mother s serum is from 
8 to 20 da) s following childbirtlu 

2) The antibodies are also present in the 
mothers milk 

b An Rh posime mother nay give birth to 
a baby w ith erythroblastos s due to Rh in 
compatibilit) that is she is a different Rh 
ty pc from that of her husband and child 
c An Rh negam c person receiving several 
transfusions of Rh pos tive blood will de 
velop ann Rh antibodies and further trans 
fusions with Rh posiave blood will result 
m severe transfusion reacuons 

C. Hr Factor 

1 The symbol Hr was selected to indicate that 
the factor is the opposite of Rh because the 
Hr agglutinogen is present in all rh (Rh nega 
ave) bloods 

2 It has been found that this factor has a recipro- 
cal relationship to the Rh factor in the same 
manner as aggluonogen A I is related to ag 
glunnogen N 

l There are 3 Hr factors Hr' which is related 
to Rh Hr' which is related to Rh and 
Hr 0 which is related to Rh 0 (An anu Hr„ 
scrum has not been discovered with ccr 
ta nty ) 

4 The Hr 6 7 8 * * II factor is found in 80% of the white 
populauon, the Hr 7 in 97% and the Hr 0 in 
63% 

5 These Hr factors make it possible to theoret 
ically subdivide the Rh types into subtypes 
thus making 27 Rh Hr blooa types (see Table 

6 An Hr negative mother (who would be Rh 
positive) may give birth to an erythroblasto 
uc baby (Hr posmve) from immunization 
to the Hr factor m the fetus since the mother 
would have ana Hr aggluan ns in her serum 

7 An Hr negauve person may develop ana Hr 
aggluamns from transfus ons with Hr posiave 
blood. 

8 Ana Hr serum only clumps the cells of 

heterozygous Rh posiave persons thus making 

all Rh posiave. Hr negative people homozy 
gous for the RJi factor 

II Tent for Rh Factor 

A. Typing Serum 

1 Human ana Rh typing serums may be ob- 


tained from 3 sources but must have a high 
antibody utcr 

a. Rh negauve mothers of children with feu! 
erythroblastosis 

b Rh negative persons who have reared 
several transfusions of Rh positive blood 
c. Rh negauve persons who are willing to 
become immunized by injccuons of Rh- 
positive cells 

2 Only scrums of persons of group AB can be 
used for Rh t)ping of all 4 major groups 
w ithout absorpaon of ana A or ana B or 
both agglutin ns, because AB scrum does not 
contain either of these agglutinins 

3 Serums belonging to the other 3 groups must 
have the anti A and ann B agglutinins present 
absorbed or they can only I e used for Rh 
t) ping of their own group 

4 The anti A and anti 0 aggluamns can be ab- 
sorbed b) using the purified A and B sub- 
stances of \\ itebshy 

5 Tor t) ping patients it is preferable to use ann- 
Rh 0 scrum which will agglutinate 85 per cent 
of cells although it will record all Rh aw 
Rh people, who lack Rh as Rh negauve. 

a If persons of group Rh or Rh who lad 
Rh„ are to receiv e a transfusion, it is best 
the) be transfused with Rh ncgameblooi 
b If transfused with Rh positive blood, « 
would most likely be of group Rfi ff at" 
the person mght develop ana Rh 0 ag 
glutintns 

6 All blood donors should be typed with anti- 
Rh 0 7 serum w hich will agglutinate 87 p< r 
cent of cells th s w ill eliminate giving R" - 
negative people a transfusion of group R 
blood (Type Rh is so rare that it is dis- 
regarded ) 

7 Typ ng serums containing agglunnaung 3 
sal ne anal odies can be used only for the r 
tube method 

8 Typing scrums containing blocking a 
bodies can be used only for the si de metn 

9 Hetero immune serums from guinea pp 
treated w ith blood from Rhesus monkeys a 
not satisfactory because they aegluton* 1 * 
blood of all infants regardless of the Rh typ 5 


Test Tube Method 

Place 1 drop of ana Rh typing serum in 
small test tube (75 mm long and 7 nun- 
side diameter) 

Add I drop of a 2% saline suspension 
the red blood cells to be tested 
Shake tube and place in an incubate 
water bath at 37°C. for I hour 
Examine the sediment over a concave 
a If negaavc the cells settle into the b 
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of the tube in a round compact circum 
scribed mass having a sharp cnsp edge 
b If positive the cells spread over a large 
area of the bottom of the tube in a mass 
having a granular or slightly irregular 
margin and often exhibits several slightly 
crinkled areas m the sediment. 

> Agitate gently, the positive tests will show 
flocculation 

6 If no flocculation is visible, centrifuge for 
one minute at about 500 revolutions per 
minute 

7 Tilt the tube gently about 6 times to loosen 
some of the sediment, place a drop on a 
slide and examine with the low power ob 
jective of the microscope 

8 Any definite clumping even if the clumps 
contain only 3 or 4 cells, is evidence the per 
son is Rh positive 

C. Slide Method 

1 Place I drop of ant: Rh blocking scrum of 
high titer on a slightly warmed slide and add 
2 drops of fresh, whole blood (do not use 
a saline suspension or oxalated blood) 

2 Keep the slide wanned to 37 6 C (avoid ex 
cessive heating) and tilt it from side to side 
to permit intermixture of cells and serum 

3 Examine for agglutination by holding the 
slide on a piece of ground glass placed over 
an electric light bulb 

4 If the cells are Rh positive a finely granular 
clumping usually becomes visible in 15 20 
seconds and or less chan l minute ehe mixture 
is converted into large sticky clumps. It may 
take longer than 1 minute if the slide and 
typing serum are not at 37 °C at the beginning 
of the test. 

5 If this test is negatn e it should be checked by 
the test tube method which is more sensitive 

D Sources of Error 

1 Use of typ ng serum that is contaminated or 
so old that it has lost its potency 

2 Use of incorrect temperature in performing 
the test. 

3 Too hght or too heavy a cell suspension 

4 Clumps in the cell suspension 

5 Too rough handling of specimen following 
incubation 

6 Confusion of rouleaux formation with true 
agglutination 

7 Bacterial contamination or hemolysis of the 
blood specimen 

m Teat for Anti Rh Agglutimni 

A. General Considerations 

l There are 2 types of anti Rh agglutinins 
a. The saline antibody which agglutinates 
Rh positive erythrocytes suspended m 
saline solution 


b The blocking antibody which unites with 
Rh positive erythrocytes m sakne suspen 
sions but does not cause agglutination un 
Jess the cells are suspended in albumin or 
plasma These have been called incomplete 
partial inhibiting coating glutmrn, ther 
mostable, mature late and hyperimmune 
antibodies by different investigators 
c. The Coombs test using absorbed rabbit 
and human globulin serum may be used to 
detect blockin g antibodies in the mother s 
serum or in the babys blood Methods 
come with the commercial Coombs serum, 
d Both saline and blocking antibodies may 
be present m the same serum 

2 Anti Rh antibodies are most aenve at *371 0 
and are called warm agglutinins 

3 Both types act as hemolysins within the body, 
although they do not produce hemolysis when 
exposed to Rh positive cells in the test tube 

4 Saline antibodies are rarely found in the 
blood of infants, but blocking antibodies are 
found if present in the blood of the mother 

5 The presence of blocking antibodies is more 
serious than saline antibodies, about 85 per 
cent of mothers having stillborn infants have 
blocking antibodies 

B Pattern's Scrum. 

1 Separate the serum from 10 cc of blood 

2 Inactivate in a $6°C. water bath for 20 mm 
utes 

C. Slide Method of Diamond and Ahclson 

1 Place 0 2 cc of fresh whole blood of the fol 
lowing types on a slide. 

a Group O rh (Rh negative) 

b Group O Rh t 

c Group O Rh 

d If both Rh t and Rh 2 bloods, or RhiRh 2 
blood are not available, pool 6 to 8 group 
O Rh 0 bloods 

2 Add 0 1 cc of the inactivated serum to be 
tested to each drop of blood 

3 Rotate or tilt the slide gently for I to 3 
minutes keeping the slide « armed to 37°C 

4 Examine for agglutination by holding the 
slide on a piece of ground glass placed over 
an electric light bulb 

5 If the patient's serum contains saline or block 
xng antibodies or both, one or more of the 
Rn positive bloods will show agglutination 
while the Rh negative control w ill not show 
agglutination 

D Agglutination Test for Saline Antibodies 
1 Obtain fresh unclotted or oxalated blood ol 
the following types 
a Group O rh (Rh negative) 
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b. Group O, Rhi. 

c. Group O, Rh 2 . 

d. If both Rhi and Rh 2 bloods, or Rh I Rh 2 
blood arc not available, 6 to 8 group O, 
Rh 0 bloods should be pooled. 

2. Wash the cells of each of the above types 
once with 0.85% Nad solution if oxafated 
blood is used. 

3. Make an approximately 2% suspension of 
the erythrocytes in 0.85% NaCl solution of 
each type of blood. 

4. Makes serial dilutions of the patient’s inac- 
tivated scrum, 1-5, I -10, 1-20, and 1-40 
dilutions. 

5. Set up a row of 5 tubes for each cell suspen- 
sion made above. 

6. Place 0.1 cc. of undiluted serum in the first 
tube of each row, 0.1 cc of the 1-5 dilution 
to the second tube of each row, 0.1 cc 
of the 1-10 dilution to the third tube of 
each row, 0.1 cc of the 1-20 dilution to the 
fourth tube of each row, and 0.1 cc of the 
MO dilution to the last tubes. 

7. Add 0.1 cc of the Rhi cell suspension to 
each tube in the first row. 

8. Add 0.1 cc of the Rh 2 cell suspension to 
each tube m the second row. 

9. Add 01 cc of the Rh-negative cell suspen- 
sion to each tube in the tlurd row. 

10. Shake the tubes and place in a water b3th 
at 37°G for 30 minutes. 

1 1. Read in same manner as for RH agglutinins 

12. If agglutination occurs, the titer of the 
sabne antibodies is reported according to 
specificity. 

a. If only Rh t cells are agglutinated, the 
agglutinin is ami-Rh'.Such serums should 
be tested for anti-Rh 0 blocking anti- 
bodies. 

b. If only Rh 2 cells are agglutinated, the 
agglutinin is anti-Rh". Such serums should 
be tested for anti-Rho blocking anti- 
bodies. 

c If both the Rh t and Rh 2 cells but not 
type rh cells are agglutinated, the agglu- 
tinin may be anti-Rho, anti-Rho, or 
anti-Rho . 

1) Mix 5 parts of the patient’s serum with 
1 part of a potent anti-Rho blocking 
serum and repeat the titration. 

2) If there is no agglutination with any 
of the cells, it is anti-Rh 0 . 

3) If there is agglutination only with 
Rhi cells, it is anti-Rho 7 . 

4) If there is agglutination only with 
Rh 2 cells, it is anti-Rho". 


E. Method I for Blocking Antlbodtei (Albfr 
min Tctt). 

1. Make a 2% suspension of each type of blood 
listed under agglutination test in a 20% solu- 
tion of bovine albumin. 

a. A vial containing 20 cc of 30% albumin 
solution from bovine plasma for anti-Rh 
conglutination tests may be obtained from 
Armour Laboratories, 142 W. 42nd St, 
Chicago, III. 

b. Make a 20% solution by adding 10 cc of 
sterile 0.85% NaCl solution to the 20 CC. 
of 30% bovine albumin 

2. Pbce 0.1 cc. of each suspension of eryth- 
rocytes in separate test tubes. 

3. Add 0.1 cc of the patient’s inactivated serum 
to each test tube. 

4. Shake the rack and tubes vigorously and then 
place in a 37°G water bath for 30 minute* 

5. Shake the tubes gently, though more strong!? 
than in the agglutination test, and read, if 
negative, centruuge and read. 

6. If there is no agglutination of cells in any of 
the tubes, the test is negative. 

7. If there is any agglutination with the Rh posi- 
tive cells, the test must be repeated usinga 1-5. 
1-10, 1-20, and 1-40 dilution of scrum made 
with the 20% bovine albumin solution. 

8. These dilutions must be set up with rh cells 
(Rh-negative) as well as die Rn positive ccB* 

9. The greatest dilution of serum showing ag- 
glutination is the titer of antibodies 

F. Method II for Blocking Antlbodlet (Indt- 
red Coomb* t Test). 

1. This test is a continuation of the agglutina- 
tion test (see D). 

2. It is only necessaiy to use the tubes not 
showing agglutination. 

3. Fill the tubes with 0 85% Nad solution, wsf 
the contents, and centrifuge. 

4. Discard the supernatant flaid and repeat tn 
washing mice with saline solution. 

J. After the last washing pour off the sako 
solution as completely as possible, add > 
drops of anti-human (Coomb’s) serum an 
shake the tubes. _ . 

6. Incubate for 30 minutes in a 37®C wire* 
bath and examine for agglutination. 

7. If there is no agglutination, centrifuge I 

2 minutes at 1000 r pm. . 

8. Shake the tubes gently, pbce a drop 0 , 
slide, and examine with the low power 
the microscope for clumping. _ , 

9. Agglutination in the tubes containing 
positive cells and no agglutination ® 
control tubes with Rh-negatiye cell* . ( 
the presence of blocking antibodies m 
patient’s serum. 
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10 The Coomb’s serum must be kept free from 
contamination. It may be kept frozen. 

G Direct Coomb's Test. 

1 General Considerations. 

a. This test demonstrates if the fetal erythro- 
cytes have been sensitized by the maternal 
Rh blocking antibodies 
b An infant may appear to be Rh negative 
at birth due to the blocking action of the 
maternal antibody, but a positive Coomb’s 
test demonstrates that the cells have been 
sensitized in utero and that the infant is 
really Rh positive. 

c. The test is also used for the detection of 
auto-anabodies ui acquired hemolyac 
anemia. 

d A negative and positive control is run at 
the same time as the patient’s cells, 
e The Coomb’s serum must be kept free 
from contamination It may be kept 
frozen 

1 Method 

a Obtain a heavy suspension of erythrocytes 
in 0 85% Nad solution from the infant 
(cord blood may be used) 
b Wash the cells 3 times by centrifuging 
and adding fresh saline solution, 
c Pack cells by centrifuging and prepare a 
2% suspension of cells m saline solution 
d Place 2 drops of Coomb's scrum m a small 
test tube and add one drop of the 2% cell 
suspension 

e Mix and incubate at 37°C for 30 minutes 
f Shake the tube gently and examine for 
agglutination, if none is visible, centrifuge 
for 2 minutes at 1000 rpm. 
g Shake the tube gently and place a drop of 
the suspension on a slide and examine for 
dumping with the low power of the 
microscope 

h The negative control is run in the same 
manner as the patient’s cells except cells 
from a group O, Rh positive or negative 
person are used 
i Positive control 

1 ) Add 4 drops of saline to one drop of 
Rh typing serum for the slide test. 

2) To this add 2 drops of a 2% saline sus- 
pension of group O, Rh positive cells 
and place in the 37°C incubator for 
30 minutes 

3) Wash 3 times with saline solution and 
continue the test in the same manner 
as for the patients cells 

Medicolegal Use of Blood Groups or 
Grouping 


I# Blood grouping in medicolegal case s 
should be done only by persons especially 
skilled in the technique and fully familiar with 
the principles involved 

H. Exclusion of Paternity or Maternity, 

A. Blood groups can only be used to exclude 
alleged paternity or maternity 

1 Blood agglutinogens are transmitted as Men 
delian dominants, therefore, blood groups are 
inherited according to Tables 72 ana 73 

2 As many types of a blood as possible should 
be determined because each new independent 
agglutinogen doubles the number of subdm 
sions of human blood and therefore gives a 
greater chance of ruling out alleged paternity 
or maternity 

a The agglutinogens Ai A 2 B, M, N, P, 
Rho Rh', and Rh" and the secretion or 
nonsecretion m saliva of group-specific 
substances make possible 576 distinct types 
of individuals 

b The Hr groups make possible even more 
subdivisions. 


Table 72 Heredity of the Landsteiner 
Blood Groups (Bernstein’s Theory) 


1 

! 

Groups of 
parents 

Groups of | 
children ■ 
pos9 ble I 

Groups of 
children not 
possible 

i 

O-fO 

0 

A B AB 

2 

O + A 

0 A 

B AB 

3 

04- B 

0 B 

A AB 

4 

A 4- A 

0 A 

B AB 

5 

A + B 

0 A B AB 

— 

6 

B + B 

0 » 

A AB 

7 

O 4- AB 

A B 

0 AB 

8 

A 4- AB 

A B AB 

0 

9 . 

B+AB , 

A B AB 

O 

10 | 

, AB + AB 1 

A B AB 

0 


Table 73 Heredity of the M, N, and MN 
Blood Groups 


Types of parents 

Per cent cb ldren of t> pes 

M 

N 

MN 

M 4- M 

100 

0 

0 

M4N 

0 

0 

100 

M 4- MN 

50 

0 

50 

N 4- N 

0 

100 

0 

N 4- MN 

0 


50 

MN 4- MN 

25 

25 

0 


B Group specific Substances. 

1 Grouping human beings into 4 major groups 
is not limited to the blood, since groupspe 
cific substances are present in the ceils of 
the organs in body fluids and in secretions 

2 These group specific substances are present 
in a hpoidal and in a water-soluble form. 
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3 The bpoidal form is present in all human c. Pack the cells and make a 2% suspension 
beings, but only 80 per cent have the water- in 0 85% NaCl solution 

soluble form which is the form secreted in d Cells of the patient can be used 


saliva and gastric juice 

4 The presence or absence of the water soluble 
group specific substances in saliva divides 
human ocings into 2 more groups, secretorS 
(S) and nonsecretors (s) 

5 The presence of group-specific substances can 
be determined by either of the following 
methods 


B. Method (See Table 74). 

1 Set up a senes of 12 small test tubes in a 
rack and place J 5 cc of 0 85% Nad solo 
non in the first tube and 1 cc. m each of 
the following tubes 

2 Add 0 5 cc. of die patient’s scrum to the 
Table 74 Test for Cold Agclutenim 


a The inhibition of agglutination of group A 
blood cells by anti-A scrum or of group B 
blood cells by anti B serum 
b Precipitin tests using potent ana-A and 
anti B immune rabbit scrums 
IIL Exclusion of Mix-Up of Infants. 

A. The determination of the blood groups of 
die infants and parents can usually determine 
whether there has been a mix up of infants 
in the hospital 

B. See Tables 72 and 73 for the groups of chil- 
dren from different combinations of groups 
of the parents. 

IV. Blood Grouping In Criminal Cases. 

A. Determination of Blood Group from Blood 
Stain*. 

1 To exclude the possibility that the blood 
found on a suspect is his own blood and 
not that of the victim. 

2 To exclude the possibility that the blood 
found on the victim is his own blood and 
not that of the suspect. 

B Seminal Fluid, 

1 The group-specific substances can be deter- 
mined in seminal fluid 

2 This evidence can be used only in the ex- 
clusion of a suspected person in rape cases. 

C. Safitn. 

1 The group-specific substances can be deter- 
mined in saliva However, one must also 
know whether the suspected person is a 
secretor or nonsecretor 

2 Traces of saliva on gummed edges of enve- 
lopes and on cigarette stubs may be typed 

Demonstration of Cold Agglutimna 
Test for Cold Agglu lining. 

A. Material* Required 

1 Patient’s serum obtained from fresh blood 
that has been placed in the incubator to clot* 

2 Human Erythrocyte Suspemton — 2% 

a. Obtain human blood belonging to group 
O and place in a bottle containing an 
anticoagulant. 

b Wash 3 times with 085% NaQ solu- 
tion 



'Discard 1 cc. from tube 11 


first tube and mix. 

3 Transfer 1 cc. from the first tube to the 
second tube and mix. 

4 Transfer 1 cc from the second tube to the 
third tube and so on through the eleventh 
tube from which I cc is discarded. 

5 Add 01 cc. of a 2% suspension of washed 
human erythrocytes belonging to Group 0 
to each tube 

6 Mix and place in the refrigerator at 0 to 
4®C overnight. 

7 Read immediately after taking oot of the re- 
frigerator after inverting each tube against 
the finger 3 times 

+ + + + =finn disk-shaped mass of sedunroi 
which does not break up when the tot* 
is inverted , 

+ + + = disk easily broken into large flakes, to 
fluid is clear 

+ + =fine agglutination, fluid not transplant 
+ — barely perceptible, but definite igg' 
nation when viewed through the > oa 
power objective of the microscope. 

0=no agglutination. 

8 If positive, allow tubes to stand at room 
temperature for several hours and then rea 
again to ascertain whether the reaction is 
reversible at room temperature and therefore 
a true cold agglutination 

C Interpretation. . 

I. A titer of 1-32 or higher is suggests 0 
virus pneumonia . . rt 

2 High titers arc also obtained in Afn 
trypanosomiasis, leishmaniasis, hemoVftsc ar 
mias, mumps orchms, and blackwater ie 
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General Instructions 
I- Collection of Blood. 

A. General Considerations. 

1. The patient must not have any food for 12 
hours before blood is drawn for most chemi- 
cal determinations. For determinations not 
using fasting blood, see footnote of Table 75. 

2. The amount and type of blood (oxalated or 
clotted) necessary for each determination 
will be found in .Table 75. 

3. Ascorbic acid, C0 2 , chloride, sugar, cho- 
lesterol esters, and all enzyme determinations 
must be made within one-half hour after the 
blood is drawn. If fluoride and thymol are 
used as preservatives, blood for sugar de- 
terminations may, if necessary, be kept for 6 
days without alteration of its sugar content. 

4. All other determinations should be made'lhe 
same day that the blood is obtained. /v 

a. If determinations on oxalated blood can 
not be made the same day as the blood 
is obtained, rhe prorein -free filtrate should 
be made, 1 drop of toluene added, and 
kept in the refrigerator. 

4 b- ,.If determinations on serum can not be 

made immediately, the serum must be 
separated and stored in the refrigerator. 

B. Venous Blood . 

1. Follow directions under collection of venous 
blood in the Section on Hematology, page 
33. The syringe and needle must be dry 
to prevent hemolysis. 

2. Blood for serum determinations is placed in 
dry chemically clean test tubes and allowed 
to clot. 

3. Blood for whole blood or plasma determina- 
tions is placed in 1 ounce bottles containing 
an anticoagulant of the proper kind and 
amount as given in Table 76. 

C. Capillary Blood for HUcromethods. 

1. Hand must be warm with good circulation. 
If cold, have patient immerse the hand in 
hot water and rub briskly with a towel. 

2. Cleanse tip of patient’s finger with alcohol 
and dry. 

3. Grasp patient's finger firmly near the hand 


and push along the skin to finger ok an( j 
hold tightly. 

With a blood lancet of the spring release 
type with a blade at least 3/16 of an inch 
long which has been dipped in alcohol, 
uncture the tip of the finger across the 
nes (blade crosswise to the length Qf the 
finger). If the prick does not bleed f ree ly, 
puncture again so the second prick adjoin 
the first making a larger cut. 

5. Have patient hold arm and hand do^n so 
that the blood drops into a 1 cc. glass vial 
containing an anticoagulant. If blood joes 
not flow easily, massage finger gently length- 
wise at intervals to increase flow of blood. 
Do not squeeze the finger tip. 

6. Stir blood thoroughly with a toothpick t )r pj n 
between each 2 drops. 

7. Fill vial at least two-thirds full of blood. 

IL Anticoagulants (See Table 76). 

A. Preparation of Bottles Containing At xl { co . 
agulant. 

1. If a solution of anticoagulant is used pi- 
pette the proper amount of solution’ ac- 
cundhg- iV Tifthk /V imv a cdexmcaiy hfa n 
bottle and heat to 60 or 70° G until t he 
water has evaporated and the dry cher n ical 
is left distributed on the bottom of the bot- 
tle. Do not heat over 70° G or leave bot- 
tles in contact with the heat too long, b c . 
cause the oxalate is converted into carbonate. 

2. Paraffined corks or rubber stoppers are used 
in the bottles. 

B. Action of Anticoagulants. 

!. The chemical anticoagulants prevent bjood 
from clotting by the removal of ionized 
calcium. 

2. Heparin (antithrombin) is thought to prc . 
vent clotting by the inactivation of pro- 
thrombin. 

HI. Glassware. 

A. Beakers, Flasks , etc. 

1. Should be of pyrex quality. 

2. Must be chemically clean and dry. 


9KK 
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Table 75 Quantity and Type of Blood and Normal Values for Chemistry 
Determinations 



Normal Value 




Mg per 100 cc 



Whole Blood ** 


Serum Continued 


Alcohol (3ce) 

None 

Cholesterol Esters (7 cc) 


25—35 

(no hemolysis) 


Nonprotein N (5 cc) 

(no dots) 


Creatinine (7 cc ) 

0 8—2 

Pynivic Acid (2 cc ) 

0 6—1 2 

Globulin 

1-3 — 3 2 gm 

✓Sugar (3 or 0 See) 

(no hemolysis) 

80—120 

Icterus Index (5 cc.) 



(no hemolysis) 


•✓Urea N (5 cc ) 

U!r-1? 

Lipase (7 cc ) 

0-0 3cc ofO 05NMOH 

Plasma 


Lipochromic Index (10 cc ) 

0—0 1 


(carotene) 


Ascorbic And (2 cc.) 

(no hemolysis) 

Over 0 6 

pH (no hemolysis) (10 cc.) 

7 35—7 45 

Carotene (IS cc.) 

100—300! U 

Phosphorus (5 cc.) 


v'Tibnnogen (5 cc ) 

200—100 

Adults 

Children 

2 5—4 

4 5—5 5 

Vitamin A (15 cc.) 

100—250 I U 

Infants 

5 5—6 5 



Atkal ne Phosphatase (7 cc.) 


Serum 


(no hemolysis) 

Adults 


Albumin (10 cc.) 

(no hemolysis) 
Albumin-Globulin ratio 

3 5 — 5 6 gm 

Children 

5 — 12 units 

1 5 1 to 3 1 

80-150 

Acid Phosphatase (7 cc.) 

0 — 3 u» ts 

Amylase (10 cc) 



18-21 

Bromides (7 cc ) 

Xalcium (15 cc.) 

None 

(no hemoljs s) 

Salicyl c Acid ( 10 cc.) 


(no hemolysis) 

Adults 

9 5—11 0 

325 — 3S0 

Sodium (10 cc.) 

Children 



InfanU 

10 5—12 0 

*Sul!onamides (7 cc.) 

hone 

COi Capacity ( 10 cc ) 

(no bemoljss) 

Adults 

Infants 


•Thiocyanate (15 cc.) 

None 

53— 70vol % 

40— 55 vol % 

Thymol Turbidity (5 cc.) 
Flocculation 

0—5 units 

None 

•Cephalm Flocculation (5 cc ) 

None 



Chlorides (NaCl) (7 cc) 


Total Prote n (7 cc.) 

— 8 gm 

(no hemolys s) 

Cholesterol (5 cc ) 


Uric Acid (7 cc.) 


Men 

150—240 


Women 

180—260 

\an den Bergh (7 cc.) 

0 2-0 8 


•Blood can be obtained after a meal all other determinations must be made on fasting blood 
••Ten cc. of whole oxalated blood is sufficient for any combination of tests with whole blood 


B Pipettes 

1 Pipettes must be chemically clean and dry 

2 Good quality pipettes must be used— Exax 
Blue Line quality is considered reliable 

3 Normax precision quality should be used for 
making calibration curves on a photoelectric 
colorimeter 

4 Types of Pipettes 

a- Transfer or volumetric pipettes are used 
when accurate measurement is wanted as 


in measuring filtrates, standards, and TM* 
reagents They are calibrated ‘ to deuv 
a fixed vo/ome so the residue renatnirg l 
the tip is not blown out. 
b Ostwald Fohn pipettes are used 
petting blood or viscid materials- 
are calibrated “to contain ’ a fired fi aan ^ 
so the last few drops remaining 10 
delivery op are blown out. , 

c. Mohr pipettes of Exax quality ate 
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Table 76 Blood Anticoagulants 1 


Chemical 

Requirement for 

10 cc of blood 

Advantages and disadvantages 

Lithium 
oxalate (best) 

1 cc of a 1% solution or 10 mg 

More soluble than sodium or potassium oxalate 

Prevents a white precipitate in unc acid determinations 

Potassium 

oxalate 

0 1 cc of a 20% solution or 20 mg 

Concentration of 3 mg or more per cc. alters the electrolyte dis- 
tribution in blood interferes with precipitation of proteins (Folin Wu 
method) givea too low sugar values and may cause clouding when 
Nesslenzmg 

Sodium 

oxalate 

1 cc. of a 2% solution or 20 mg 

Same as potassium oxalate. 

Sodium 

ffuonde 

Grind 10 parts sodium fluonde 1 
part thymol 3 parts lithium oxalate 
together Used as a powder 3S mg 
for 10 cc or 4 mg for 1 cc of blood 

Used in microsugar determinations will preserve the blood for 24 
hours at room temperature and 5 or 6 days at refrigerator temper 
ature Interferes with action of urease in urea determinations If 
samples of blood are to be mailed, use 10 mg per 1 cc of blood 

Lithium 

citrate 

Used as powder 30 mg 

Impractical for routine use employed only when determining 
mineral constituents of whole blood 

Sod urn 
citrate 

2 cc of a 3% solution or 60 mg 

Alters the composition of blood prevents dotting only a few hours 
interferes with many chemical determinations 

Heparin 

Fill dead space of syringe with a 1% 
solution (Liquaemia made by Or 
ganon) or add a few drops to the 
blood (2 mg necessary) 

Expensive, the dry powder is not readily soluble in blood 

Ammonium 
and potassium 
oxalate mix 
ture 

1 CC of a solution containing 1 2% 
ammonium oxalate and 0 8% po- 
tassium oxalate 

Used only for hematology work. Carefully adhere to the exact 
proportions of blood to oxalate 


* For preparation and action of anticoagulants see page 255 


when Jt is not important to have an exact 
quantity of a reagent. Normax quality of 
Mohr pipettes for more exacting work are 
used only when a fraction of a cc is 
required. 

5 Method of Using Pipettes 

a Draw solution to be pipetted slightly 
above the mark 

b Remove the fluid adhering to the out- 
side of the pipette with a clean cloth or 
cleansing tissue 

c Let the fluid out to the mark. 

d Hold the pipette almost vertical, the np 
against the inner wall of the receiving 
vessel 

e Unless Normax quality pipettes are used, 
the rate of delivery should be controlled 
with the finger over the upper opening 

6 Calibration of Pipettes 

a Pipette must be thoroughly cleaned in 
cleaning solution 

b Allow a sample of distilled ssater (previ- 
ously boiled) in a clean beaker to attain 
the temperature of the balance room 

c. Weigh a weighing bottle or beaker con 
taming paraffin oil a few mm thick to 
prevent evaporation and record the 
weight 


d Suck up distilled water into the pipette 
several times so that the pipette is the same 
temperature as the water 
e Record the temperature of the water 
f Fill the pipette to the mark with the dis- 
tilled water as described under method of 
using pipettes, and holdmg the pipette in 
a vertical position allow the water to flow 
into the weighed bottle or beaker 
g Allow the pipette to dram 15 seconds and 
touch the tip to the side of the beaker 
h. Weigh the bottle and calculate the volume 
of water according to the weight and 
temperature 


Temp 

C* 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 


Wtof VoLof 

1 cc, 1 gm. 

0.9979 1X023 

0 9978 1X022 

0 9977 1X023 

0 9975 1X025 

0 9973 1.0027 

09972 1X028 

09970 1X030 

09968 1X032 

09966 1.0034 

09964 1X036 

09961 IJX39 

09959 1X041 

09956 1X044 

09954 1X046 

0 995! 1.0049 

09948 1X057 
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I If the original mark is not accurate, make 
another mark with a wax pencil and test 
the pipette again 

j Continue until the mark is located cor- 
rectly, repeated results must check within 
0 004 cc for a 2 cc pipette, 0 01 cc for a 
J cc. pipette and 002 cc. for a 10 cc. 
pipette (error of 0 002 cc. for each cc.) 
k. Etch the line or mark with a file 
L One may calculate w here a line should be 
by weighing water delivered from two 
marks a definite distance apart, such as 
50 mm. 

Example 

1) Weight of water at 20°C delivered 
from a 10 cc. pipette from 2 marks 
50 mm apart are 9 900 and 10 275 gm., 
respectively 

2) Weight of column of water between 
marks is 0 375 gnu, or =0 0075 

? n. per mm. of column length. 

cn cc. of w ater at 20°C should weigh 
9972 gm. or 0 072 gm. more than 
that delivered from the lower mark 

4) The correct mark is 9 6 mm 

above the lower mark. 

C. Cleaning Glasttcare 

1 Beakers, flasks funnels, etc, must be cleaned 
by washing with soap and water as soon 
as possible after being used 
2 Pipettes should be put in a jar containing 
water immediately after being used. 

3 After the glassware and pipettes are thor 
oughly washed they are placed in cleaning 
solution for 4 to 24 hours 
4 After removing from cleaning solution, the 
glassware and pipettes must be washed 8 
times with tap water and 4 times with dis- 
tilled water 

5 They arc allowed to dry either by draining 
or heaung in a warming oven. 

6 Preparation of Cleaning Solution 

a. Dissolve 100 gm. of sodium dichromate 
(commercial) m 200 cc of water with 
the aid of heat 

b Add 800 cc of commercial sulfuric acid, 
keeping the container cool by setting it 
m cold water 

IV Solutions. 

A. General Consideration! 

1 Distilled water is always used m chemical 
procedures and for making up solutions 
2 Cool all solutions to 20°C- before diluting 


to volume in volumetric work and mix thor 
oughly before using by inverting flasks 100 
times. 

B A standard solution is one in w’hich the exact 
concentration of the solute is known. 

C. A molar solution is one in which one liter 
of the solution contains the number of grams 
of the solute equal to its molecular weight 
(see Table 77 or 78) 

1 For example M HQ = 3646 gm. per kttr 
and M H2SO4 = 98 08 gm per liter 

2 Molar solutions may be used in muluplcs, 
1 e., 2 M, or fractions, Le., M/15 or I/I5 AL 

D A normal solution contains in a bter of soh 
non one gram-equivalent weight of solute 
A gram-equivalent weight has either one 
gram atom of reactive hydrogen, or 11 
capable of replacing or neutralizing that 
quantity (see Table 77 or 78) 

1 In determining the unknown strength of « 
solution (A), its normality (N) multiplied 
by the v olume used in the titration is equal 
to the normality (N) of the standard sola 
non (B) multiplied by the volume used in th* 
titration. 

Example N of A X cc. of A used = N 
of B X cc of B used 

2 Normal solutions may be used in multiples 
or fractions of normal, such as 2 N 2i N 
0 I N (decinormal or N/I0), 005 N (rwen- 
neth or N/20), or 002 N (fiftieth or N/50) 

3 Direcnons for making the most frequents/ 
used normal solunons will be found in the 
Secnon on Soluuons Used in Routine Tests, 
pge 357 

E A physiologic solution is an isotonic solution 
of crystalloids in w ater resembling the crystal- 
loids in normal blood serum. (An isotonic 
solution is one having the same osmotic pres- 
sure as normal blood serum.) 

1 Physiologic SaJme 
Sodium chloride 
Distilled water to make 1 titer 

2 Ringer’s Solution 
Sodium chloride 
Calcium chloride 
Potassium chloride 
Distilled water to make 1 liter 

3 Locke’s Solution 

Sod um chloride 
Calcium chloride 
Potassium chlonde 
Sod um b carbonate 
GJocose 

Distilled water to make 1 liter 


8 S pa 


7.000 pa 
0.026 p 31 
OJtop 0 - 


900 pa 
0.24 pa- 
042 pa 
CIO pa 
IO0 
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Table 77 Atomic Weights Commonly Used 


Barium 

(Ba) 

137 36 

Manganese 

(Mn) 

54 93 

Bromine 

(Hr) 

79 916 

Mercury 

(He) 

200 61 

Calcium 

(Ca) 

40 08 

Molybdenum (Mo) 

95 95 

Carbon 

(C) 

12 01 


(N) 

14 008 

Chlorine 

(Cl) 

35 457 


<o> 

16 000 

Cobalt 

(Co) 

58 94 

Phosphorus 

(P) 

30 9S0 

&r 

(Cu> 

(Au) 

63 57 
197 2 

Potassium 

Silver 

<K) 

(Ag) 

39 096 
107 880 

Hydrogen 

(H) 

1 008 

Sodium 

(Na) 

22 997 

Iodine 

(I) 

126 92 

Sulfur 

(S) 

32 06 

Iron 

he) 

55 85 

Tin 

(Sn) 

118 70 

Lead 

(Pb) 

207 21 

Tungsten 

m 

183 92 

Lithium 

(Li) 

6 94C 

Uranium 

(U) 

238 07 

Magnesium (Mg) 

24 32 

Zmc 

(Za) 

65 38 


Table 78 Normal Solutions 


Reagent* 

Mole- 

cular 

weight 

Grama 
in one 
liter 

Approx 
imate 
cc per 
liter 

Acids 

Hydrochloric (HC1) spgr 

1 19 37% 

Oxalic (HiCiO« 2 H«0) 

36 47 

36 47 

83 0 

126 07 

63 035 


Sulfunc (HiSOi) Bp gr 

1 84 9SJ% 

98 07 

<9 OSS 

28 0 

Hydroxides) 

Potassium (KOH) 

56 10 

56 10 


Sodium (NaOH) 

40 01 

40 01 


Salts 

Potassium permanganate 
(KMnO.) 

158 03 

31 61*** 


Potassium thiocyanate 
(KSCN) 

91 17 

97 17 



169 89 

169 89 


Sodium carbonate (Na.CO. 

105 00 

53 00 


Sodium chlonde (NaCl) 
Sodium oxalate (Na«C»0.) 

58 45 



134 01 

67 005 


Sodium thiosulfate 
(Na.S.0. 5H«0) 

248 20 

248 20 



'Labels of chemicals must be carefully checked to see jf 
they are anhydrous or contain water of crystallization 
which increases their molecular weight 
"The cc per liter is obtained by dividing the equivalent 
weight by the product of the specific gravity times the per 
cent of the solution 

"*Jn acid solutions potassium permanganate is reduced to 
salts of potassium and manganous oxides with loss of 
oxygen the latter is taken up by the substance oxidized 
2 KMnO. -* K.O+2 MnO-f-5 O =“ 

Therefore 2 gram molecules of KMnO. correspond to 
S gram atoms of oxygen or 10 gram atoms of hydrogen 
One gram molecule of KMnO« corresponds to 5 gram 
atoms of hydrogen so a normal solution contains 1/S of the 
molecular we gnt 

tNormal solutions of hydroxides arc made from saturated 
solutions. The hydroxides are hygroscopic and combine 
with carbon dioxide of the air to form carbonate so that 
It is impossible to weigh them accurately 


F. Buffer Solutions are solutions which arc 
capable of maintaining their hydrogen ion 
concentrations m spite of the addition of 
appreciable quantities of acid or alkali 
1 Mix solutions according to Table 79 for dif- 
ferent pH, these will "keep in a pyxex glass 


bottle in the refrigerator for several weeks 

2 M/15 Potassium Actd Phosphate 

KH2PO4 (“Sorensen salt") 908 gm. 

(or 9.274 gm of NaHjPOt • HjO) 

Distilled water to make 1 liter 

3 M/15 Dtsodtum Phosphate 

NajHPOi (anhydrous) Merck 947 cm 

(or 11.87 gm of NanIIPOj ■ 2H3O “Sdrens-n salt") 
Distilled water to make I beer 

4 M/10 Poiassnsm Aad Phihnlalt 

KHC9H4O4 Z04I8 gm. 

Distilled water to make 1 brer 

V. Chemicals. 

A. Quality. 

1 Reagent or chemically pure (c.p) quality 
is used in all chemical determinations unless 
otherwise indicated 

2 Commercial or technical and U S P quality 
can be used only when definitely specified 

B Types. 

1 Labels must be read carefully to note u heth 
er the chemical is anhydrous or crystalline. 

2 The crystalline form contains water of crys 
tallization and therefore has a greater mo* 
lecular weight than the anhydrous form 

3 Inorganic chemicals used for standards should 
be dried in a 110°C oven for 1 hour and 
then placed m a desiccator over sulfuric 
acid or calcium chlonde overnight before 
weighing on a delicate chemical balance Or 
game chemicals should not be heated but 
placed sn 3 desiccator for 2 days before 
weighing 

YL Analytical Balance 

A. General Considerations. 

1 The balance must be level 

2 The release and arrest of the beam and pans, 
a Release the beam before releasing the 

pans 

b Release and arrest the beam with a skm 
steady movement, avoiding jerk) move 
menr which injures the knife edge, 
c The beam should be arrested only when 
in a horizontal position v 

3 Never place an object, not even the smallest 
weight, upon the pan or remove one from 
it unless the pans are supported. 

4 Always place the weights and objects to be 
weighed m the middle of the pans 

5 Handle all the weights with the tweezers 
provided for this purpose and never use 
these tweezers for any other purpose. 
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Table 79 Composition op Buffer Mixtures 



6 After an object is weighed first read the 
weights from the vacant spaces where they 
are kept and second read again as the weights 
are returned to their places. 

? Objects to be weighed must ne\er be placed 
in direct contact with the pans unless they 
are metallic, glass or porcelain 

8 Hot objects cannot be accurately weighed 

9 Never lease the beam resting on the knife 
edge when not m use and never leave the 
weights on the pan 

B Determining the Zero Poult 

] Release the beam then the pans. 

2 The door of the balance case must always 
be closed when observing the swinging of 
the pointer 

3 If tne pointer does not oscillate when the 
beam and pans are released raise the door 
of the case a few inches fan the air over 
the right pan with one hand, and then dose 
the door 

4 After a few excursions of the pomter, be- 
gin to note and record the number of scale 
divisions the pointer reaches in its swings 
past the center of the scale estimating to 
the tenths of a division. 

5 Place the readings to the right of the center 
zero point in a column headed R and those 
to the left in one headed L 

6 Take 3 or 4 readings on one side and a 
greater number by one on the other side 


7 Add the columns and divide each sum by 
the number of readings taken on that siae 
to obtain the average. 

8 Add the 2 averages and divide by 2, then 
subtract from the greater average obtained 
m (7) 

9 The result is the distance from the center 
of the scale on the side of the longer swing 
at which the pointer would stop if the 
beam were to come to rest, that is die 
zero point. 

10 If this is more than half a division from 
the center it should be brought nearer by 
adjusting the nut on the screw projecting 
from the end of the beam. 

G Weighing. 

1 Watch glasses are usually used in weighing 

Two are accurately balanced against eacJi 
other , 

2 Add the required w eights to the right nan 

g an. 

emove the watch glass from the left pan 
with forceps and add an appronmat 
amount of solid material with a fP 3 , 
Only the last trace should be added w 
the watch glass is on the balance. 

4 After the exact amount has been added, 
determined by the swings of the ha 
needle the weights are replaced in 01 
box and the rider returned to its zero mar 
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5 Transfer the contents of the watch glass to 
the required volumetric flask with the aid 
of a funnel with a long wide stem The 
solid must be in the form of powder or 
small crystals 

6 Wash the watch glass and funnel thoroughly, 
collecting the washings quantitatively in the 
volumetric flask 

VII Visual Colorimeter 

A. Physical hates Applied to Colorimetry. 

1 Lambert s Law the amount of light absorbed 
by a substance is proportional to the thickness 
of the absorbing substance 

2 Beers Law light is absorbed in direct pro- 
portion to the number of molecules through 
which light passes Thus, in passing through 
a colored medium, light is absorbed in direct 
proportion tD the concentration of the colored 
substance. 

B Principle A combination of the two above 
laws may be applied to the colorimeter When 
the same intensity of color by transmitted 
light is produced m two columns of solutions 
containing the same chromogen in different 
concentrations the concentrations are in 
versely proportional to the length of the 
respective columns This mathematically may 
be stated as follows 

&„= s u R u 

Cone SXRS = Cone. U X RU 
Cone. S — concentration of standard 
Cone U = concentration of unknown. 

RU = Reading of unknown on colorimeter 
RS = Reading of standard on colorimeter 

C. Application of Lambert and Beer's hates 

1 When the dilution of the unknown and of 
the standard is the same and the result is to 
be expressed m units of standard use the 
following formula 

Cone. U = X Cone S 

2 When the dilution of the unknown and the 
standard is the same and the result is to be 
expressed m units of standard per 100 cc of 
blood use the following formula 

Gone. U = X Cone SX™ 

V = volume of blood used in test 
(When a protein free filtrate is used divide qoan 
uty of filtrate used by dilution to obtain volume of 
blood used i.e, S ec of filtrate is equivalent to 1/10 
of S or 0J cc of blood ) 

3 When the dilution of the unknown and that 
of the standard differ and the result is to be 
expressed in units of standard per 100 cc. of 
blood use the following formula 


RS . 
' RU ' 


,100 , 

• v ' 


Dil S 


D Reading the Colorimeter Scale 

1 The reading will consist of a whole number 
and a decimal 

2 Each division on the main scale is l mm 

However, the small sliding scale (vernier) 
covers only 9 divisions on the mam scale 
(see illustration), therefore, each division is 
0 1 mm less than one division on the mam 
scale If the zero line on the sliding scale is 
moved just beyond the 10 division on the 
mam scale it will be found that line 1 will 
be the division on the sliding scale that will 
coincide with a division on the mam scale 
To do this the plunger 
must have been moved 
0 1 im and the read 
mg is 10 1 If moved 
so that line 6 on the 
sliding scale coincides 
with a division on the 
mam scale, the reading 
is 10 6 since the plung ci> 

er was moved 06 mm ^ 

to bang line 6 on a level ^ 
with a division on the <0 

main scale j 


o— 


10-5 

i° 

2 o-i 

-10 

i 

30 -. 

I 

•3 

5 

o 

CO 

40- 

? 

5 

*3 

50-^ 

CO 


E Filling Colorimeter 
Cups and Cleaning 

1 Do not fill the cup so 
full that the solution 
reaches the top of the 
plunger when it is low- 
ered into the solution. 

Do not fill beyond the 
beginning of the flared part of the cup 

2 To avoid spotting the instrument with chem 
icals wipe the outside of the cup before 
placing it on the stage 

3 Do not allow the cup to overflow during 
the color matching 

4 Instantly remove any solution which falls 
on the light filter or mirror Clean the w hole 
mirror so that the surface will be uniform 
If a lamp is used in place of a mirror, be 
sure it is cleaned promptly 

5 After using the cups are washed with dis 
tilled water and the plungers rinsed at least 
3 times with distilled water Solutions must 
not be left in the cups any longer than 
necessary 

<5 Wipe plungers and cups dry with a piece of 
soft cloth 

7 When not m use, keep the colorimeter in a 
dust proof place 
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F Standardization. 

1 If daylight is used, a north light is best. 
Nev er Diace the colorimeter m the sunlight. 

2 If artificial light is used, place colorimeter 
in the darkest place in the room so that 
daj light will not interfere 

3 When the cups are empty and in position $o 
that the plungers touch the bottoms, the 
scale must read zero If not, adjust the scales 
so they do read zero 

4 Place a small amount of the standard solution 
of the determination in each cup and nnse 
the plungers with it. 

5 Discard this rinse solution and place more 
of the standard solution m each cup 

6 Place the cups in the colorimeter, set each 
at tht height on tht scale (10 mm) to he 
used for the standard when reading the un 
known and adjust the light so the two cups 
are a perfect match 

a There must be no bubbles under the 
plunger 

b The cups and plungers must be scrupu 
lousl) clean before filling 
c. There should be no turbiditj in the so- 
lution 

G Reading the Vnhnoicn. 

1 After adjusting the light with the standard 
solutions, empty the cup on the right side 
and rinse the cup and plunger with a sm3ll 
amount of the unknown solution Discard 
and fill again for the reading 

2 When st\cral determinations are made with 
the same standard rinse the right hand cup 
and plunger each time with the unknown. 

3 Do not look for more than a moment at a 
color Take a number of rapid readings rath 
er than a few unduly careful ones 

4 Approach the match from both the darker 
and lighter sides 

5 If the first reading does not approach the 
successive readings, disregard it in the average 

6 Average the readings. 

7 Due to an error in matching colors of un 
equal column heights it is important that the 
strengths of the unknown and standard be 
approximately the same so that the unknown 
reading is within ± 3 mm (at the most ± 5) 
of the standard. 

VTII Photoelectric Colorimeter 

4. Principle , 

I Light creates an electnc potential in a photo- 
electric cell Since the current output of the 
cell depends upon the intensity of the light 
reaching it, the cell wall be affected by col- 
ored solutions and also turbid solutions in- 


terposed between it and the light source. 
Hie light intensity is measured by means of 
an electrical circuit which includes a re 
sistance coil and a galvanometer The uidi 
cator of the galvanometer swings over a scale 
indicating the amount of current generated 
m arbitrary units (one cell type), or the in 
dicator is controlled by a variable resistance 
and the amount of resistance is measured on 
an arbitrary scale (two cell t)pe) 

2 For monochromatic light, th3t is, one color 
provided by the use of filters, the ratio of 
the intensity of light leaving a colored solo 
non to that entering it is a logarithmic func 
non of its concentration When appropriate 
light filters covenng a narrow band of wave 
lengths are used, Beer s law for colorimetric 
procedures is valid for the photoelectric col 
onmeter 


B Types of Photoelectric Colorimeters 
1 Single Cell Type (Example Evelyn) 
a It has one cell and a constant light source 
of low intensity and voltage (storage bat 

ttry) , , 

b The galvanometer has a unit scale and 
readings plotted against concentrations on 
semdoganthmic paper (I c)de X 70 di- 
visions) will form a straight line. Such a 
curve must be made by using various di 
Iuuons of standards for each procedure 
Values for unknowns are interpolated 
from these graphs 

1) It is possible to calculate unknowns 
without a curve by using one or more 
standards and the following formula 


, . . L value of p nlmown 100 __ 
& L vilue of rcandird V 

mg % , 

L = 2 — log of the galvanometer reading 
V — Volume of blood oved ta test. 


2) This is only accurate when the con- 
centration of the standard approximates 
that of the unknown. 

Ttso Cell Type (Example Klett Summer 
son) 

a Due to the 2 cells which produce a con- 
stant source of light, these photoelectric 
colorimeters can be used on alternating 
or direct current. . 

b The galvanometer has a logarithmic scale* 
such that readings plotted against con- 
centrations on cross-section paper w 
form a straight line , 

c The concentration of the unknown so. 
aons is obtained by multiplying the g 
vanometer readings by the proper fact 
predetermined from a standard. 
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C. Precautions in Using a Photoelectric Color- 
imeter, 

1 Instrument must be placed aw * y from either 
mechanical or electrical vibrations 

2 It must not have a strong light overhead and 
direct sunlight must not be allowed to strike 
the colorimeter tube 

3 The filter used for each procedure is the one 
which has a spectral transmission opposite to 
that of the solution bemg measured, l e , the 
filter which transmits the most light over the 
range in which the solution absorbs the most 
light 

4 A filter must be placed in the machine before 
turning on the light to protect the photo- 
electric cell 

5 Only test tubes made for the particular type 
of photoelectric colorimeter should be used 
and these must be checked for uniformity of 
physical dimensions (Some instruments use 
cuvettes which are checked at the factory) 
a They must be kept scrupulously clean, 

both inside and out. 

b It is possible to add too much or too little 
fluid to the tubes or cuvettes for correct 
light transmission 

c. After filling the tube or cuvette, the outer 
surface must be wiped dean of finger 
marks with a lint free doth and held up 
to the light to be sure that the solution is 
free of air bubbles 

d Before using new tubes, check for uni- 
formity of physical dimensions 

1) Place 15 cc of water in a clean tube, 
and polish the louer end of the tube 
with a dean doth 

2) Using any filter set the galvanometer 
at exactly 50, the utmost care must be 
used to keep this center setting 

3) Insert the tubes one at a time, the 
galvanometer will move about 10 
divisions 

4) Rotate each one slowly through one 
full revolution to determine the posi- 
tion of greatest stability of reading, 
and make a diamond pencil mark at 
the upper end of the tube so that the 
tube can be placed in the same relative 
position at all times 

5) Record the number of each tube and 
the reading obtained, discard all tubes 
which fluctuate more than 0 25 divi- 
sion from the mean, as well as any tube 
which fluctuates more than 0 5 division 
v, hen rotated through 360 degrees 

6 It is very important that each test be read 
under the same conditions (length of time 


and temperature) that the standard carve 
was determined These factors affect the 
color m some tests causing it to oe progres- 
sively stronger or weaker 

7 Periodically standards should be set up with 
unknowns as a check on reagents and tech 
tuque. 

IX. Reporting Results of Chemical 
Determinations. 

A. Methods. 

1 Percent 

a Most constituents of the blood are report 
ed m milligrams or grams in 100 cc. of 
whole blood, plasma, or serum, 
b Volume per cent is used for gas analyses 

2 Units are used in most enzyme determina- 
tions, the unit is defined for each test. 

3 Altlltequtvalents 

a A milhequivalent is one one thousandth 
of a gram equivalent weight, 
b Milbeqmvalents per liter are calculated 
by dividing the milligrams per liter by 
the equivalent weight of the element, 
c. The equivalent weight of an element is 
its atomic or formula weight divided by 
its valence (The valence of an element or 
radical is that property which is measured 
by the number of replaceable hydrogen 
atoms or the equivalent ) 

4 Milhmol 

a A milhmol is one one thousandth part of 
a gram molecular weight 
b Millimols per liter are calculated by di 
viding the milligrams per liter by the 
atomic weight of the element. 

B The following list gives the corresponding 
values for a few constituents of blood 


! 

Mg per 1 
100 cc of I 
serum | 

M 1 K 1 1 
equivalent , 
per liter 
of serum 1 

Millimols 
per liter 
of serum 

Chloride 

580 630 (NaCl) 

1 99 108 

99 108 

Calcium 

9 5 11 

47 55 

2.35-2 75 


325-350 

I4f 152 

141 152 

Potassium 

18 21 

4 6-5 6 

4 6-5 6 

Carbon diox 
ide content 

56-65 

vol% 

25 29 

25 29 


Protein Free Filtrate 

L Principle: The total proteins of whole 
blood, serum, or other body fluids are re 
moved by precipitation with tungstic acid 
(formed by the interaction of sodium rung 
state and sulfuric acid) and filtration 
N12WO4 + H 2 S 0 4 -» H2WO4 + NazSO* 
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II. Whole Blood. 

A. General Considerations. 

1 Make filtrate within 2 hours after with- 
drawal of blood from the patient, except 
filtrates for sugar determinations which 
must be made within 30 minutes 

2 Filtrates may be kept overnight in the re- 
frigerator if a few drops of toluene are 
added as a preservative 

B linden's Modification oj FoUn-Wu 
Method. 

1 Shake the bottle containing die oxalated 
blood until the blood is well mixed 

2 Measure 1 volume of oxalated blood with 
an Ostwald pipette into an Erlcnmeycr flask 
which will hold at least 20 times the vol- 
ume of blood used. Allow the blood to 
flow slowly from the pipette so that a min- 
imum amount of blood will cling to the in- 
side of the pipette 

3 With continual shaking of the flask, slowly 
add 8 volumes of N/12 sulfuric acid from 
a burette Continue to shake for 2 minutes 
or until complete hemolysis has taken place 

4 Add 1 volume of 10% sodium tungstate so 
lunon slowly while shaking the flask 

5 This makes a 1-10 dilution, in every 10 cc 
of filtrate there is the equivalent of 1 cc of 
blood 

6 Insert a rubber stopper and shake well 

a The metallic click 3nd complete ab- 
sence of foam on the surface of the 
mixture are indicative of complete pre- 
cipitation of protein 

b Since precipitation of protein is com 
plere only at the isoelectric point, it is 
very important that the acid and base 
(Na 2 W0 4 ) be accurately made and 
pipetted 

c The mixture should show no acid when 
tested with Congo red paper 

7 Let stand 10 to 20 minutes (20 minutes if 
unc acid is to be determined) 

8 Shake the mixture again and filter through 
Whatman No 1 filter paper 

a The filter paper should be large enough 
so that all tne mixture can be filtered 
at once thus obtaining the filtrate more 
quickly and m larger amount, 
b Pour the mixture slowly onto the triple 
portion of the filter paper m order that 
the paper will be wet above the level of 
the mixture 

c Allow the first drops to filter back into 
the original container before collecting 
the filtrate D 


d Cover the funnel with a watch glass to 
prevent evaporation 

e When there js a very small amount of 
mixture, centrifugation may be used 
9 If the above procedure is properly earned 
out, the resultant filtrate is clear and does 
not need to be rcfiltered 
a A brownish filtrate usually indicates one 
of three things insufficient acid was 
used, there was too much oxalate in the 
original container for the amount of 
blood obtained, or impure tungstate was 
used 

b If necessary, pour filtrate back into mix 
ture and add 10% sulfuric acid drop b) 
drop until a slight tinge of blue is ob- 
tained on Congo red paper, then refilter 
10 Approximately 4 cc of filtrate are obtained 
when 1 cc. of blood is used 


C Folln-TFu Method. 

1 Follow directions 1 and 2 under Haden’s 
modification 

2 With continual shaking of the flask, slowly 
add 7 volumes of water 

3 Continue to shake for 2 minutes or until 
complete hemolysis has taken place. 

4 Add 1 volume of J0% sodium tungstate so- 
lution and mix 

5 With continual shaking of the flask, add 
slowly 1 volume of 2/3 N sulfuric acid. 

0 Continue as directed in Haden’s modificanon 
beginning with 6 

D. Solutions. 


1 Sulfuric Acid N/12 (00831 N) 

a Add 2 5 cc. of cone H 2 SO< to about 
700 cc of water in a liter volumetric 
flas! , cool, and dilute to volume, 
b After thorough shaking and standing 
overnight, titrate with 0 1 N NaOH m- 
ing phenolphthalein for the indicator (20 
cc of N/12 H 2 SO< requires 1667 cc. 
of 0 1 N NaOH for neutrabzadon) 
c Adjust acid to N/12 

2 Sulfuric Acid 2/3 N (0 666 N) 

a Add 20 cc. of cone H-SO4 to about 7tw 
, cc. of water in a liter volumetric flast. 

cool, and dilute to volume 
b After thorough shaking and snnaing 
overnight, titrate with N NaOH tong 
phenolphthalein for the indicator (20 
of 2/3 N H 2 SO< requires 13 33 cc. 0 
N NaOH for neutralization) 
c. Adjust acid to 2/3 N 

3 Sodium Tungstate Solution — 10% „ 

a. Make a 20% solution by dissolving i _ 

gm of sodium tungstate (Naj' * 
2H 2 0, special according to Folin) W 20 
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700 cc of water in a 1 liter volumetric 
flask and dilute to volume Allow to stand 
several dajs before using so that any 
precipitate’ may settle to the bottom of 
the flask. 

b Make a 10%. solution by diluting ] volume 
of the clear supernatant fluid of the 20% 
solution with 1 volume of water 
c. A satisfactory sodium tungstate will give 
a solution which is neutral or faintly alka- 
line to phenolphthalem 

1) If tne solution is acid, titrate with 
0 1 N NaOH and add a proportional 
amount of N NaOH to the main solu- 
tion to make neutxaL 

2) If the solution is alkaline, not more 
than 0 4 cc of 0 1 N HCI should be 
required to neutralize 10 cc. of the 
solution If more is required the solu 
tion should be discarded 

Ul Plasma or Serum. 

A. Method. 

1 Centrifuge blood to separate plasma or serum 

2 Measure 2 volumes of plasma or serum with 
an Oswald pipette mto an Erlenmeyer flask 
which is large enough to contain at least 20 
times the volume of plasma or serum used 

3 Add 9 volumes of distilled water and mix. 

4 Add 8 volumes of N/12 sulfuric acid slowly 
from a burette and mix 

5 Add 1 volume of 10% sodium tungstate so- 
lution slowly while shaking the flask 

6 Insert a rubber stopper and shake well 

7 This makes a I- 10 dilution 

8 Filter as described under whole blood filtrate 
using Whatman No 40 Alter paper 

B. Solutions — see solutions under whole blood 

Carbohydrates 

I Blood Sugar (Original Fohn Wu Method) 

A. Principle: A portion of the protein free 
blood filtrate is heated with an alkaline 
cupnc solution The cuprous oxide produced 
by the reaction of cupnc hydroxide and 
glucose reduces phosphomolybdic acid to 
phosphomolybdous acid which is blue This 
blue color is compared with that of a stand- 
ard solution of glucose 

B. General Considerations. 

1 The filtrate from blood specimens for sugar 
determinations must be made up at once un- 
less the sodium fluonde and thymol mixture 
is used as an anticoagulant. 


2 Blood filtrates containing a few drops of 
toluene may be kept m the refrigerator for 
24 hours before analyimg without any ap- 
preciable change Bring to room tempera 
ture before pipetting 

3 All that is reported as blood sugar is not 
glucose, but the sum total of reducing sub- 
stances encountered during the determina- 
tion 

a The nonfermentable portion of the re- 
ducing substances is composed of gluta- 
thione, ergothioneme, creatinine, and un- 
known substances 

b The concentration of the nonfermentable 
portion vanes from 10 to 30 mg per cent. 

4 Blood from the finger or ear (capillary or 
arterial blood) gives higher values than venous 
blood except in the fasting state when they 
are the same (See Interpretation of Glucose 
Tolerance, page 269 ) 

5 Sources of Error 

a. Directions for heating and coobng the 
solution must be followed with scrupulous 
care because variations in temperature or 
time affect the results significantly 
b Cuprous compounds produced by sugar in 
alkaline copper solutions are readily oxi 
dized to the cupnc state u hen exposed to 
air, therefore, shaking is avoided after the 
tube is placed in the water bath. 

C. Macromethod. 

1 Place 2 cc of protein free filtrate in a 
Folin Wu blood sugar tube graduated at 
12 5 and 25 cc 

2 Place 2 cc of the 3 standard glucose solutions 
(0 2 mg , 0 3 mg , and 0 4 mg ) respectively 
in each of 3 test tubes graduated as above 

3 Add 2 cc of alkaline copper tartrate sola 
tion to each tube and mix well by gently 
shaking the tubes. (The surface of the mix 
ture must reach the constneted part of the 
tube) 

4 Hear immediately in a boiling water bath 
for 6 minutes 

$ Cool, without shaking, m a cold water bath 
for 3 minutes. 

6 To each tube add 2 cc of phosphomofy b- 
dic acid reagent. 

7 When vigorous effervescence has ceased, dt 
lute to the 25 cc mark with water 

8 Insert a rubber stopper and mix each tube 
thoroughly by repeated inversion 

9 Within 10 minutes compare the unknown 
in the colorimeter with the standard that 
most closely approximates its color 

10 Set standard at 20 Rim. 
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11 Calculation 


RU " V- - Q2 — RU - 
RS_ 

RU " 0 2 ' 

RS ni 100 _ 

HU X 0< X 02 - RU ' 

These results are m error when the 
standard and the unknown do not read 
close together 


D. Micromeihod 


1 

2 


3 

4 

J 

6 

7 


9 


10 

11 


12 


Pipette 0 8 cc. of N/12 H 2 S0 4 into a conical 
tipped centrifuge tube 
Aad 01 cc. of whole blood using a special 
microsugar pipette Place tip of the pipette 
to the bottom of the tube and let blood 
flow out to prevent as much as possible 
mixing with the aad Rinse the blood from 
the pipette twice with the clear aad above 
the blood 

Mix thoroughly with a stirring rod and 
allow to stand until completely hemolyzed 
without removing the stirring rod 
Add 0 I cc. of 10% sodium tungstate solu- 
tion allowing it to run down the side of 
the stirring rod 

Mix thoroughly with the stirring rod and 
remove the rod. 

Centrifuge until the supernatant fluid is clear 
Pipette 0 5 cc of this blood filtrate into a 
straight pyrex test tube graduated at 4, 8, 
and 16 cc (The regular Fohn Wu sugar 
tubes cannot be used because a diluuon to 
12 5 cc is too great ) 

Pipette 1 cc. of the standard glucose solutions 
(0 1 mg 0 15 mg., and 0 2 mg ) respectively 
into each of 3 similar tubes 
Proceed exact!) as described m the macro- 
method except add 0 5 cc. of alkaline cop- 
per tartrate solution and 0 5 cc. of phos- 
phomolybdic acid to the tubes containing 
the blood filtrates (not the standards) and 
make the final dilution to 8 cc. with waiter 
Use 1 cc. of all solutions in the tubes con- 
taining the standards and dilute to 16 cc. 
This method can be used as a macromethod 
by using 1 cc of blood filtrate and 1 cc of 
the reagents and diluting to 16 cc However 
in the calculation 0 1 cc. must be substituted 
for 0 05 cc. and 1 for 8/16 in the formula 


Calculation 

a X ™ x i = 



4000 

RU 


E. Solutlont. 

1 Alkaline Copper Tartrate Solution, 

a. Place 40 gm. of pure anhydrous sodium 
carbonate in a beaker and add 400 cc. of 
w’atcr Dissolve, use heat if necessary 
b Add 7 5 gm. of taxtanc aad (QH^Oj), 
when completely dissolved, transfer to a 
liter volumetric flask 

c. Add slowly with constant stirring 45 
gm. of crystalline copper sulfate 
(CuS0 4 *5H 2 O) which has been previ- 
ously dissolved in about 200 cc. of water 
wnth heat and then cooled 
d Mix and dilute to 1 liter with water 

2 Pbosphomolybdic Acid Solution 

a. Place 70 gm. of molybdic acid 
(H»Mo0 4 ) and 10 gm of sodium tung 
state (Na 2 W0 4 ) an a 2 liter beaker 
b Add 400 cc of 10% NaOH and 400 
cc of water 

c Boil vigorously for 40 to 60 minutes to 
remove all the ammonia present in the 
mol)bdic acid 

d Cover and place in the refrigerator over 
night 

e Filter (to remove light precipitate of iron 
and silicate) into a liter volumetric flask, 
wash the filter paper with water, and 
dilute the filtrate to about 700 cc. 
f Add 250 cc of 85% phosphoric acid, 
g Mix, cool to 20°C, and dilute to 1 liter 
with water 

h This solution should not be blue. 

3 Standard Glucose Solutions 

a. Stock glucose solution — /% 

1) Weigh exactly 1 gm of anhjdrous 
glucose (c p ) which has been dried 
in a desiccator for 3 days and place 
in a 100 cc volumetric flask 

2) Make up to volume at 20°G with 
0 25%, benzoic aad solution (Dissolve 
2 5 gm of benzoic aad in 1 liter ot 
boiling water ) 

3) Keeps indefimtel) 

b Three u or king standard glucose solutions 

1) Weak standard — place 10 cc. of the 
stock glucose solution m a liter voi 
umetnc flask and dilute to volume with 
0 25% benzoic aad (1 cc = 0 1 mg! 

2) Intermediate standard — place 15 cc o 
the stock glucose solution in a liter 
volumetric flask and dilute to volum 
with 0 25% benzoic aad (1 cc. — 0 

3) Strong standard — place 20 cc. of the 
stock glucose solution In a liter v 
umetnc flask and dilute to volume wi 

0 25% benzoic aad (1 cc. = 0 2 mg ! 
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II. Blood Sugar (Modified Folin-Wu 
Method). 

A. Principle and General Considerations are 
the same as under original Folin-Wu method 

B. Macromethod. 

1 Place 1 cc of protein free filtrate m a py- 
rex test tube graduated at 4, 8, and 16 cc 

2 Place 1 cc of the 3 standard glucose solutions 
(0 1 mg n 0 15 mg , and 0 2 mg ) respectively 
in each of 3 test tubes (graduated as above) 

3 Add 1 cc of freshly prepared copper tar- 
trate solution to each tube and mix well by 
tapping the tubes 

4 Heat immediately in a boiling water bath 
for 8 minutes 

5 Cool, without shaking, in a cold water bath 
for 3 minutes 

6 Add to each tube 2 cc of cone acid mo- 
lybdate solution and allow to stand for 1 
minute 

7 Dilute to the 16 cc mark with the dilute 
acid molybdate solution 

8 Mix thoroughly by inverting 3 times and 
allow to stand 12 minutes 

9 Read in the colorimeter with the standard 
that most closely approximates its color 

10 Set standard at 20 mm. 

11 Calculation 


RS^ 

RU 

RS 

RU 


xon x'n = W = ^ % 

4000 


C. RU X 02 X 01 - RlJ mg% 

C. Micromethod. 

1 Make filtrate as described under rrucrometh- 
od for sugar (original Fohn Wu method) 

2 Using 0 5 cc of blood filtrate and 1 cc of 
standard glucose solutions, proceed exactly as 
in the macromethod (modified Folin-Wu 
method) Be careful to use 0 5 cc. of freshly 
prepared copper tartrate solution and 1 cc of 
cone acid molybdate solution for the tubes 
containing blood filtrate and dilute to 8 cc 
with dilute acid molybdate solution. Use same 
proportions for standards as in macromethod 
and dilute to 16 cc 

3 Calculation is the same as for the original 
Fokn-Wu micromethod 


D Solutions for Modified Method. 

1 Alkaline Copper Tartrate Solution 
a Copper sulfate — 5% (Solution A) 

1) Dissolve 50 gm. of crystalline copper 
sulfate (CuS0 4 • 5H 2 0) in water in a 
liter volumetric flask. 

2) Add l drop of cone sulfuric acid and 
dilute to volume with water 

b Alkalme tartrate (Solution B). 


1) Transfer 35 gm of anhydrous sodium 
carbonate to a liter volumetric flask 

2) Add about 200 cc of water until the 
carbonate is dissolved 

3) Add 13 gm of sodium tartrate, II 
gm of sodium bicarbonate and about 
700 cc of water 

4) Dissolve and dilute to volume with 
water 

c. Alkalme copper tartrate solution— Make 

fresh on day of analysis 

1) Place 12 5 cc of solution B m a 25 
cc volumetric flask. 

2) Add 2 5 cc of solution A, mix, and 
dilute to mark with solution B 

2 Purified Acid Molybdate Reagent 

a Stock brommated sodium molybdate solu 

tion. 

1) Dissolve 300 gm of sodium molyb- 
date in water in a liter volumetric 
flask 

2) Add 2 or 3 drops of liquid bromine 
(be careful) 

3) Dilute to mark with water and mix. 

4) A precipitate may settle out on Jong 
standing 

b Concentrated acid molybdate solution 

1) To 500 cc of clear supernatant bro- 
minated sodium molybdate solution in 
a liter volumetric flask add 225 cc of 
85% phosphoric acid 

2) The solution becomes yellow because 
of liberated bromine 

3) Add 150 cc of cooled 25% sulfuric 
acid 

4) Aerate about 4 to 5 hours to remove 
the bromine, then add 75 cc. of gla- 
cial acetic acid, mix , and dilute to vol 
ume with water 

c Dilute acid molybdate solution 

1) Place 200 cc of concentrated acid 
molybdate solution in a liter volu 
metric flask 

2) Dilute to volume with water 

3 Standard solutions — same as those in original 

Fohn-Wu method 

HI. Blood Sugar (Photoelectric Colorimeter 
Method). 

A Principle and General Considerations are 
the same as under original Folm Wu method 

B Method. 

1 Place I cc of protein free filtrate in a 
Folin-Wu blood sugar tube graduated at 
12 5 and 25 cc. Care should be taken to 
pipette the solution low in the tube and to 
get as little as possible on the sides of the 
tube. 
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I Place 1 cc. of 2 standard glucose solutions 
(0 1 mg and 0 2 mg ) respectively in each of 
2 rubes graduated as above 

3 Prepare a blank by placing ! cc of water 
in a similar tube 

4 Add slowly 1 cc. of freshly prepared alkaline 
copper tartrate solution to each tube allow 
mg solution to run down the side of the tube 
and rotating the tube to wash down all the 
filtrate or standard solution already added 

5 Mix by shaking gently 

6 Immedately place tubes in boding water 
for 8 minutes 

7 Cool without shaking in a cold water bath 
for 3 minutes 

8 Add to each tube 2 cc of cone, acid moljb- 
date solution and shake untd effervescence 
ceases 

9 Place in boiling water for 5 minutes, this 
stabilizes the blue color 

10 Place in a cold (10°C) water bath for 2 
minutes 

I I Dilute to the 25 cc mark with w ater which 
has been kept m the refrigerator 

12 Mix thoroughly by repeated imersion 

13 Keep all tubes in the cold water bath, re 
moving each just before reading in the 
photoelectric colorimeter 

14 Use filter No 420 

15 Place some of the blank in a colorimeter 
tube and adjust the galvanometer to 100 

16 Each standard is read and the results 
checked on the table of values If the 
standards vary appreciably from their cor 
rect readings, the determinations must be 
repeated 

17 Read unknowns and obtain mg per cent of 
glucose from the table of values 

C. Calibration of Standard Curve 

1 Stock Standard Glucose Solution — 0 5% 

a. Weigh exactly 1 gm of anhydrous glu 
cose (c.p ) which has been dned in a 
desiccator for 3 days. 

b Place in a 2 00 cc. volumetric flask and 
make to volume with 0 25% benzoic acid 
at 20°C 

2 Prepare a senes of dilute standard glucose 
solutions as follows 

Fmal mg gin cose 

cc of 0J% volume with percc.of 

glucose standard 0-25% benzo c dilate standard 


solut on acid solution 

2 500 0.02 

2 250 0M 

3 250 0M 

4 250 008 

5 250 010 

3 100 015 

10 250 0.20 

6 100 OJO 


3 Using 1 cc portions of each of these d2nte 
standard solutions determine the galvanom- 
eter readings by the abov c method. 

4 Repeat set eral times with each concentration. 

5 Prepare several new stock standard glucose 
solutions, make new dilute standard solutions 
from each, and repeat tests several tunes on 
each dilute standard solution. 

6 Average the galvanometer readings for each 
dilute standard solution and plot on semi 
logarithmic paper drawing a straight line 
through the points 

7 Prepare a table of values for the mg per 
cent of glucose for each division on the pal 
vanometcr The mg per cc. of the dilute 
standard solutions is multiplied by 100 to ob- 
tain mg per cent of glucose 

D Solution ! — same as for Modified Folin Wo 
method 


IV Interpretation of Blood Sugar Findings. 

A. A ormal Values 

1 Original Folin Wu 80 — '120 mg per cent. 

2 Modified Folin I Vu 70—110 mg percent. 

3 Microsugars after a meal are higher than 
venous blood sugars because the blood taken 
from the finger is a mixture of venous and 
arterial blood The microsugar is the same as 
the venous blood sugar in the fasting state. 

B Increase Values in 


Diabetes melhtus 
Hyperpituitarism 
Increased intracranial pressure 
Coronary thrombosis 
Hyperth y roidism 
Chrome nephritis 
Urinary obstruction 
Shock 
Infections 

First 24 hours after severe bums 
C. Decreased Values In 


D 

1 

2 


Insulin effect 
Hypennsukmsm 
Hepatic insufficiency 
Pancreatic adenoma 
Carcinoma of islet tissue 
Addison s disease 
Hypothyroidism 
Starv anon 
Hypopituitarism 

Pernicious vomiting of pregnancy 


<?naZ Threshold 

orma! renal threshold for blood glucose is 
>0-200 mg per 100 cc. . 

is usually raised in diabetes melhtns 
te nephritis so urine sugar can not e 
rely relied upon as a measure of blood sm, 
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A. 


B. 

1 

2 


C 

1 


2 


J 

4 




A. 


Renal diabetes or renal glucosuna is a condi- 
tion in which the threshold is lowered and 
sugar appears in the unne although it is not 
increased in the blood 


V. Spinal Fluid Sugar. 

Principle: Sugar is determined on a protein- 
free filtrate of spinal fluid in the same man 
ner as blood sugar is determined 
General Comidernliong. 

The sugar determination must be made with 
in 30 minutes after the withdrawal of the 
spinal fluid 

A blood sugar determination should also be 
made on a sample of blood withdrawn at 
the same time the spinal fluid is obtained 
Normally the glucose in spinal fluid is 60 per 
cent of that in the blood 


Method. 

Make a protein free filtrate (1-5 dilution) 
a Place 1 cc of spinal fluid m a test tube, 
add 3 S cc. of water, and then add 0 25 cc 
of 2/3 N sulfunc acid while shaking the 
tube 

b Add 0 25 cc of 10% sodium tungstate 
solution dropwise, stopper, and shake 
c Allow to stand 5 minutes and filter 
The supernatant fluid, after the precipitation 
and centrifugation of total protein in the 
spinal fluid, may be used for the sugar de 
termination 

Determine the sugar in the above filtrate or 
supernatant fluid in the same manner as that 
m a blood filtrate 
Calculation 

a When a 1-5 filtrate and 0 1 mg standard 
glucose solution are used 
RS v 10O _ 1000 _ 

Rtf x 01 x 02 RU ” 
b When the supernatant fluid from the to- 
tal protein determination and 01 mg 
standard glucose solution are used 
RS n- v J00 _ 5«0 _ 

RU * 01 x 0357 RU 
c. When the photoelectric colorimeter meth- 
od is used 

1) For the 1-5 filtrate, multiply the read- 
ing from the glucose curve by 0 5 

2) For the supernatant fluid from the total 
protein determination, multiply the 
reading from the glucose curve by 
0 28 

Interpretation— see Table 26 on page 1S4 
YL Glucose Tolerance (Janney Isaacson 
Single Oral Dose) . 

Principle: The patient is given a single dose 


of glucose by mouth after a specimen of 
fasting blood and unne have been obtained 
Blood and unne samples are obtained 1/2 , 1, 
2, and 3 hours later for sugar determina- 
tions to detect hyperglycemia unresponsive- 
ness which may be due to either insulin lack 
or insulin resistance. 

B. General Congiderationg. 

1 It is important that the individual be on a 
full, well-balanced diet (80 gm. protein and 
300 gm. carbohydrates) for 3 days poor to 
the test. 

2 Patient should have no food after the eve 
mng meal the night before the test 

3 Test should be done m the morning before 
the patient has exercised 

4 The patient should not exercise or smoke 
during the test 

C. Method. 

1 Dissolve the correct amount of glucose or 
cerulose in water (4 cc. of water for each 
gm of glucose) by heat and cool Add the 
juice of 1 lemon 

a Individuals weighing less than 100 lbs. 
should receive 1 75 gm. of glucose per 
kilogram of body weight, 
b Individuals weighing from 100 to 150 
lbs should receive 100 gm of glucose 
c. Individuals weighing over 150 lbs should 
receive 150 gm. of glucose 

2 Blood (venous or capillary) is obtained be 
fore the glucose is given, and 30 minutes, 1, 
2, and 3 hours after the glucose is taken 

3 The mg of glucose per 100 cc of blood is 
determined for each specimen 

4 A unne specimen is obtained at the same 
time each blood sample is drawn and is tested 
for sugar 

5 The patient may have a glass of water to 
dnnk 1 hour after the glucose is taken 

6 If pathologic hypoglycemia is suspected, ob- 
tain blood specimens also at 4 and 5 hours 
after the glucose is taken 

U. Interpretation (tee Pig. 27). 

1 Normally the venous blood sugar reaches the 
peak (120 to 160 mg) between 30 minutes 
and 1 hour and returns to or near the fasting 
level at 2 hours 

2 The results of the micromethod using capd 
lary blood (artenal) must be interpreted 
somewhat differently from those obtained 
when venous blood is used. 

a Fasting values of capillary and venous 
blood are the same 

b The peak is reached about the same time 
regardless of the type of blood used 
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c. The peak with the capillary blood is usu- 
ally 30 to 70 mg higher than with venous 
blood 

d The capillary blood returns to normal 30 
to (SO minutes later than venous blood 

3 Increased glucose tolerance (flat or inverted 
curve) is noted m hypothyroidism, hyper- 
insuhmsm, Addison s disease, hypopituitarism, 
sprue, idiopathic steatorrhea, celiac disease, 
muscular dystrophy, and anorexia nervosa 
(normal curve in intravenous method) 

4 Decreased glucose tolerance (high or pro- 
longed curve) is noted in diabetes mel- 
btus, hyperthyroidism, hypcrcorocoadrenal 
ism, hyperpituitarism, prolonged fasting, 
pregnancj', fatigue, emotional disturbance, 
shock, increased cerebral pressure, furuncu- 
losis, arsenic poisoning, carcinoma of the G I 
tract, chronic nephritis, and liver disease 



Fig. 27 Typical Glucose Tolerance Curves. 


VII. Glucose Tolernnce (Exton Rose 
Divided Oral Dose), 

A. Principle There are two opposing theories 
explaining the principle of this test 

1 Alien s paradoxical law of glucose in normal 
individuals the more sugar given the more is 
utilized, while m diabetes the more given the 
less utilized 

2 Soslan’s “over production theory” in diabe- 
tes more sugar is utilized, therefore, the bver 
does not store sugar as glycogen but maintains 
a high blood sugar level 

B. General Considerations — Same as m single 
oral dose test. • 

C. Method. 

1 Dissolve 100 gm of glucose or cerulose in 
<550 cc. of water and add the juice of I 
lemon. 


2 Obtain a fasting venous blood and urine spea 
men. 

3 Administer orally one half of the glucose so- 
lution 

4 In 30 minutes collect venous blood and urine 
samples 

5 Give the remaining of the glucose solution 
and collect venous blood and urrne samples 30 
minutes later 

6 Determine the sugar for each sample of 
blood and test the urines for sugar 

D Interpretation. 

1 Normal response to test 

a The fasting blood sugar must be within 
the normal limits 

b The 30 minute blood sample should not 
exceed the fasting blood sugar more than 
75 mg 

c The 60 minute blood sugar should not 
exceed 160 mg In 100 cc. 
d All the urine specimens should be negi 
tive for sugar 

2 Diabetes is present if the 60 minute blood 
sugar exceeds 180 mg , while it is questionable 
if it is between 160 and 180 mg 

3 In renal glucosuna the blood sugars follow 
the normal curve, but the unne specimens 
are positive for sugar 

4 In alimentary glucosuna the blood sugars 
follow the normal curve even though the 
level is higher than normal, the fasting unne 
specimen is negative for sugar, while the 
hour unne specimen is positne for sugar 

VHI. Intravenous Glucose Tolerance Test. 

A. Principle t The patient is given an intravenous 
injection of a 50% glucose solution after * 
specimen of fasnng blood is obtained The 
amount of glucose is determined in succes- 
sive blood specimens 

B General Considerations. 

1 Eliminates errors arising from differences in 
absorption in the oral methods. 

2 Patient should be on a diet containing 
least 300 gm of carbohydrates for 3 days 
previous to the test. 

3 Patient should have no food after evening 

meal the night before the test. . 

4 Care should be taken not to allow any or 
the glucose solution to leak out of the vein 
into the tissue 

C. Microlnterral Method (McKean, Myert, 
and Von der Hetde). 

1 Calculate the cc of a 50% B loco5 ' s0, “ 00 ” 
necessary to inject 0 2 gm. of glucose per 
kilogram of body weight. 

2 Obtain a fasting venous blood specimen. 
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3 Inject the calculated amount of sterile glu 
cose solution into an arm vein at a uniform 
rate in exactly 9Q seconds 

4 Within the next 3 minutes a vein in the 
opposite arm is punctured, and the needle 
left in place while 2 to 3 cc of blood is 
collected at 3, 4, 5, 10 and 15 minutes, 
timing from the end of the glucose injec- 
tion (A 3-way metal stopcock attachea to 
the syringe is convenient.) 

5 Determine the mg per cent of glucose in 
each specimen of blood 

D ilfacromiemif Method (Soskin). 

1 Obtain a fasting venous blood specimen 

2 Calculate the cc. of a 50% soluoon necessary 
to inject 0 33 gm. of glucose per kg of body 
weight. 

3 Inject intravenously during a period of 2 to 
5 minutes, taking great care not to get any 
of the solution outside the vein. 

4 Obtain 3 to 4 cc of venous blood from the 
opposite arm at 30, 60, 90 120, and 180 min 
ute intervals after the injection of glucose 

5 Determine the mg per cent of glucose in 
each specimen of blood 

E. Interpretation, 

1 In the nucrointerval method the normal apex 
of the curve is 175 mg or lower, which is 
reached m 3 5 minutes after the end of the 
injection, and the curve returns to 125 mg 
or lower at 15 minutes 

2 In the macrointerval method the normal 
peak of the curve at 15 minutes ranges from 
150 to 250 mg per cent and returns to at 
least I2o mg per cent m 2 hours 

a The 2 hour specimen is considered diag 
nostic in most cases 

b If the 2 hour blood sugar is greater than 
120 mg per cent, the patient probably 
has diabetes melhtus, if less than 100 mg 
per cent he probably does not, while if 
it falls between 100 and 120 mg per cent 
the test is indeterminate 

3 The diabetic curve in both methods is simi- 
lar to that obtained with the oral method 

4 If pathologic hypoglycemia is suspected, ob- 
tain blood specimens hourly for at least 4 
hours following the injection in the micro- 
interval method and obtain blood specimens 
at 4 and 5 hours after the injection m the 
macromrerval method 

5 Glycosuria occurs during the first hour in 
normal persons 

6 Curves similar to those in diabetes may be 
found in cardiac decompensation, hyper 
tension, cholecystitis, pepoc ulcer, carcino- 
ma, chronic encephalitis, and severe liver 
disease. 


IX. Insulin Tolerance. 

A. Principle The patient is injected subcutane- 
ously or intravenously with insulin after a 
specimen of fasting blood has been obtained 
Sugar determinations are made on successive 
blood specimens to measure the sensitivity 
of the blood glucose level to insulin and its 
responsiveness to an insulin induced hypo- 
glycemia. 

B General Considerations 

1 Patient should be on a diet containing at least 
300 gm of carbohy drates for 3 days previ 
ous to the test. 

2 Patient should have no food after the eve 
mng meal of the night before the test 

3 The patient should be watched very closely 
(especially m the intravenous method) for 
hypoglycemic symptoms which are faint 
ness, headache, dizziness sensations of 
warmth perspiration, palpitation tremor, and 
visual disturbances Clouding of the con 
sciousness is a grave sign 

4 A 20 cc ampule of a 50% sterile solution 
of glucose should be on hand to inject in 
travenously if the patient should show hypo 
glycemic symptoms 

C. Subcutaneous Method 

1 Obtain a specimen of fasting blood 

2 Inject 10 units of insulin subcutaneously 

3 Take blood specimens at 1/2, 1, 2, and 3 
hours [allowing the injection of msuhn 

4 Determine the amount of glucose m each 
specimen of blood by one of the methods 
for blood sugar 

D Inirarenoiis Method (Fraser, Albright, 
and Smith) 

1 Obtain a specimen of fasting blood 

2 Inject intravenously 0 1 unit of insulin per 
kilogram of body weight. In cases of pan 
hypopituitarism, Addisons disease, and hy 
pennsulinism inject 0 01 unit per kilogram 
of body weight. 

3 Take blood specimens at 20 30, 45, 60, 90, 
and 120 minutes following the injection of 
insulin 

4 Determine the amount of glucose in each 
specimen of blood 

E. Interpretation. 

1 Normal Response 

a The glucose level falls to about 50 per 
cent of the fasting level in the 20 or 30 
minute sample in both methods, 
b The glucose level should be back to fast 
mg level m 90 to 120 minutes after the 
insulin injection. 
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X Abnormal Response 

a In insulin resistance the fall in glucose 
never reaches 50 per cent of the fasting 
level, this type of curve occurs m hyper- 
pituitarism, nypercorticoadrenahsm, and 
hyperthyroidism 

b In hypoglycemic unresponsivcncss the 
glucose level falls below 50 per cent of 
the fasting level and fails to rise during 
the test or has a delayed nse, this type 
of curve occurs in hy perinsulmism, pan- 
hypopituitarism, and hypocorticoadrenal- 
lsm (Addison’s disease) 

Nitrogenous Constituents 
I. Nonprolcln Nitrogen (N P N). 

h. Principle; Nitrogen is determined in a por- 
tion of the blood filtrate by a micro-Kjeldahl 
method using an acid soluoon for the diges- 
tion which liberates ammonia, this in turn 
is converted to ammonium sulfate The am- 
monia in the sulfate is converted into am- 
monium hydroxide by the base in the Ness- 
ler’s solution 

2 NH, + HjSO, -» (NH 4 )jS 0 4 
(NH,)»SO« + 2 NaOH-NajSOi + 2 NH 4 OH 
The ammonium hydroxide reacts with the 
double iodide in the Ncssler’s solution to 
form dimercunc ammonium iodide The so- 
lution of dimercunc ammonium iodide is 
colloidal and is matched against a known 
standard solution of ammonium sulfate which 
has been treated in the same manner The 
colloidal dimercunc ammonium iodide solu- 
tion must be kept cold to prevent precipi- 
tation 

2 NH,OH-»2 NHj + 2 H 2 0 
2 (HglWKJ) +2NHs-*2 <NH s *HgI 2 ) + 4KI 
2 (NH s *Hi?l 2 )-*NH 2 Hg 2 Is + NHJ 
2tt^I 2 *2ltl> + 2 NHj -* NH 2 Hg 2 I* + 4KI + 

B. General Considerations. 

1 Nonprotem nitrogen includes urea, unc acid, 
creatine, creatinine, ammonia, amino acids, 
and other nitrogenous substance (“rest N”) 

2 The ‘ rest N” is of undetermined ongm and 
constitutes almost half of the total nonprote- 
in nitrogen of whole blood This is usually 
increased in toxemias 

3 The rano of urea nitrogen to nonprotem 
nitrogen may be used as a test for renal func- 
tion See renal function tests in Section on 
Urinalysis (p 28) 

4 Sources of error 

z If the tubes are not heated slowly, the 
liquid will boil above the 35 cc mark 
and give low results. 


C. 

1 

2 

3 


4 

5 


6 

7 

8 

9 

10 


11 

12 

13 

14 


b Excess of tungstic or sulfuric acid in the 
filtrate will cause a yellow precipitate 
during digestion 

c. Distilled water used in the test must be 
free of any nitrogen compounds 
d Adding superoxyl muneoiarcly after re- 
moving flame from the tube 
e Contents of tubes must be cold (ll e C) 
before Ncsslcnzing or a cloudiness may 
develop 

f The level of the solution must be exactly 
at the 50 cc mark after Nessleraauon, u 
nor, dilute with cold water 
g Blood obtained after a meal will give re 
suits 5 to 10 mg higher than fasting blood 

Koch anil McMechln’s Colorimetric 
Method. 

Do test in duplicate 

Place 5 cc. Of protein free blood filtrate in 
a large dry' pyrex test tube (200 by 25 mm) 
graduat etl at 35 and 50 cc 
Add 1 cc of the 1 1 sulfunc acid soluoon 
and 3 glass beads to prevent bumping (Glass 
beads should be solid and 2 to 3 mm in 
diameter ) 

Heat over a microburner in a hood end! 
dense white fumes (SO 3 ) fill the tube 
Remove the flame and allow the tube to cool 
for 30 seconds to 1 minute, then add 2 drow 
of 30*0 hydrogen peroxide (superoxyl) 
allowing it to drop directly into the soluoon. 
When bubbling stops, heat to boiling If the 
soluoon has not cleared completely, repeat 
the addition of hydrogen peroxioe. 

Boil gently for 5 minutes 

Cool to room temperature and dilute to 35 

cc with water 

Place in an ice water bath for at least 15 

minutes before Nesslenzuig 

Standard 

a Place 5 cc. of standard ammonium sulfate 
solution (5 cc. = 0 15 mg N) in a test 
tube graduated at 35 ana 50 cc 
b Add 1 cc of I I sulfunc acid soluoon 
3 beads, and dilute to the 35 cc mark 
c Place in an ice water bath at the same 
time as the unknowns 
Blow 15 cc of Nessler’s solution into each 
tube using a 15 cc. pipette 
Insert a rubber stopper and mix by inven 
ing 3 times. .l 

Compare immediately m a colorimeter v 
the standard set at 20 mm 


■ X W5 X j_s=_-s=n#' 
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D. Fohn and IFu*# Colorimetric Method. 

1 Do test in duplicate 

2 Place 5 cc. of protein-free blood filtrate in 
a large dry pyrex test tube (200 by 25 mm ) 
graduated at 35 and 50 cc. 

3 Add I cc of sulfunc-phosphonc acid solu- 
tion and 3 glass beads to prevent bumping 

4 Boil vigorously over a microbumer (in 
hood) until dense white fumes begin to form 
at the bottom of the tube (3 to 7 minutes) 
Charring will occur 

5 Quickly reduce the flame so the boding prac- 
tically ceases. 

6 Cover the mouth of the test tube with a 
watch glass and continue gentle heanng for 
2 minutes, counting from the time the test 
tube becomes filled with fumes All the 
brown color should disappear and the solu- 
tion become faintly green or heating must 
continue until it does 

7 Remove dame and allow the tube to cool 
for 70 to 90 seconds 

8 Wash the watch glass with a few cc of 
water allowing the water to run into the tube 

9 Cool to room temperature and ddute to 35 
cc. with water 

10 Place in an ice water bath for at least 15 
minutes before Nesslenztng 

11 Standard 

a Place 5 cc of standard ammonium suf 
fate solution (5 cc = 0 15 mg N) m a 
test tube graduated at 35 and 50 cc 
b Add 1 cc of sulfuric phosphoric acid 
solution, 3 beads, and ddute to 35 cc. 
with water 

c. Place in an ice water bath at the same 
time as the unknowns 

12. Blow 15 cc. of Kessler’s solution into each 
tube using a 15 cc. pipette. 

13 Insert a rubber stopper and mix by inverting 
3 times. 

14 Compare immediately in a colorimeter with 
the standard set at 20 mm. 

15 Calculation 

See Koch and McMeekin’s Method 

E. Photoelectric Colorimeter Method. 

1 Digest the protein free blood filtrate in the 
same manner as described under either of 
the colonmetnc methods (Do test in dupb 
cate.) 

2 Prepare 2 standards by placing 5 cc. of the 
standard ammonium sulfate solution (5 cc. — 
0 15 mg N) in each of 2 test tubes graduated 
at 35 and 50 cc„ add 1 cc. of the same diges- 
tion solution used above to each, 3 beads, and 
dilute to 35 cc. with water 

3. Place the standards and unknowns m an ice 


water bath for 15 minutes or untD the tubes 
have reached a temperature of 11°C. 

4 Blow 15 cc. of Nesslers solution into each 
standard and each unknown, stopper, and 
mix by inversion 

5 Allow the tubes to stand for 10 minutes at 
room temperature, but read them withm the 
next 10 minutes 

6 Read one of the standards as follows 

a Poor 10 cc into a colorimeter tube and 
place m the colorimeter using filter No 
520 

b Adjust the galvanometer to the poult at 
which the standard was found to read 
when making the calibration curve 
c Remove the tube and allow the galva 
nometer to swing back into position and 
take the reading 

d Repeat with the second standard, this 
reading should check that of the first 
standard within one division on the gal- 
vanometer 

e This reading corresponds to that of a blank 
and is used as such to read the unknowns 

7 Read each unknown and obtain the mg per 
cent of nonprotein nitrogen from the table 
of values 

8 Calibration of Standard Curve 

a Use a standard ammonium sulfate solu- 
tion in which 5 cc = 0 15 mg N 
b Place the number of cc of the standard 
solution containing 006, 0 09, 0 12, 0 15, 
0 18, 0 21, 0 24, 0 27, 0 30, and 0 36 mg of 
nitrogen serially in 10 test tubes gnidu 
ated at 35 and 50 cc. 

c. Add 1 cc. of and digestion solution (ac- 
cording to the method used) and 3 beads 
to each tube and dilute to 35 cc. >vith 
water 

d Prepare a blank by placing 1 cc. of the 
aaa digestion mixture used in the test in 
a test tube graduated at 35 and 50 cc. and 
diluting to 35 cc. with u ater 
e Place all the tubes m ice water anal they 
have reached a temperature of 1I°C 
f Blow IS cc. of Nessler’s solution into osch 
tube, fill to the mark with water if neces- 
sary, and mix by inversion 
g Allow the tubes to stand for 10 minutes 
at room temperature, but read them within 
the next 10 minutes 

h. Pour 10 cc of the blank solution into a 
colorimeter tube, and with this tube adjust 
the galvanometer to 100 using filter No 
520 

l. Remove the tube, record the galvanometer 
reading, and then read each of the stand 
aids. 
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j Perform a sufficient number of detemu 
nations on each concentration of nitro- 
gen that an average of die readings ob- 
tained will give a straight line when 
plotted on semiloganthmic graph paper 
k Make a table of nitrogen values for each 
galvanometer division. 

1 Convert the nitrogen to mg per cent 
of nonprotein nitrogen by multiplying 
by 200 because a 1-200 dilution of blood 
is used in the test » 4 

F, Solution* 

1 Sulfuric Acid Digestion Solution (1 1) — 

Mix 1 part of cp cone sulfunc acid (free 
from the least trace of ammonia) with 1 part 
of water 

2 Sulfuric rhosphonc Acid Digestion Solution 
for Folm and Wu s Method 

a. To 50 cc of a 5% copper sulfate 
(CuSO* 5H 2 0) solution in a 1 liter 
Erlenmeyer flask add 300 cc. of 85% 
phosphoric acid and mix. The copper 
sulfate acts as a catalyst, 
b Add 100 cc of cone, sulfunc acid free 
from the least trace of ammonia and mix. 
c. Stopper tightly and set aside several days 
for any calcium sulfate to settle, 
d Pour the clear supernatant fluid into a 
500 cc graduated cylinder and measure 
e Slowly pour this clear acid mixture into 
an equal amount of water and mix thor 
ought) 

f One cc. of this solution should require 
9 to 9 3 cc. of Kessler’s solution to neu 
tralize it. 

g Keep well stoppered to prevent absorp- 
tion of ammonia from tne air 

3 Nessler*s Reagent 

a This is an alkaline solution of the dou- 
ble iodide of mercury and potassium 
iodide (Hgl 2 • 2KI) 5 

b To 300 gm of potassium iodide and 225 
gm of resublimed iodine in a liter Florence 
flask, add 200 cc of water and an excess 
of metallic mercury 300 gm 
c Shake vigorously keeping the solution 
cool with running water Continue shak- 
ing until all the color due to the iodine 
is gone (7 to 15 mm ) 

d. Decant the solution into a 2 liter volu- 
metric flask. 

e Wash the mercury and flask with liberal 
quantities of distilled water and add wash 
mgs (provided they are clear) to the 
decanted solution 

f Add a few drops of potassium iodide solu- 
tion (II 5 gm. Iodine, 15 gm. potassium 
Iodide, and 100 cc. of water) until the 


well mixed solution gives a faint bln? 
color when a few drops are added to 
about 3 cc. of cooled starch solunon ($« 
pee 359) 

g Dilute the solution and washings to 2 
liters and mix well 

h If clear, this solution may be used at once 
for dilution to Ncsslcr's solution, if not 
clear, let stand one week before dilating 
the supernatant fluid 

Nesslefs Solution 

a. Place 800 cc. of the dear Nesslers tc 
agent in a 5 liter flask. 

b Add 3900 cc. of 10% NaOH 9 little at 
a time with vigorous shaking 

1) The 10% NaOH is made by diluting 
600 cc. of a saturated solution (110 
gm NaOH pellets to 100 cc. water) 
to 4 liters The saturated solution 
should be allowed to stand until the 
carbonate has settled, the dear super 
natant solution being decanted and 
used 

2) This 10% solution (2 5 N) most be 
standardized accurately by titrating 
against N h)drochlonc acid or oxalic 
acid Ten cc of the 10% NaOH 
should neutralize 25 cc. of N acid 
using alizarin red as an indicator 

c The alkalinity of the Ncsslcr’s solution 
B important Titrate 20 cc. portions of 
N HC1 with the Kessler’s solution. A 
good end point with phenolphthalem should 
be obtained at 1 1 to 1 1 5 cc. If as low as 
9 5 cc , the solution is too alkaline and should 


be discarded. , 

d. Kessler’s solution should be used in the 
ratio of 10 cc per 100 cc. of solution 
to be Nesslcnzed, except when excessive 
amounts of acid are present as in direct 
Nesslenzation procedures. 

Standard Ammonium Sulfate Solution 
a Stock Standard Solution (1 cc. = 2 mg 
N) 

1) Ammonium sulfate, cp [(NH«):pO< 
special 'pyridine free”] is dned vy 
heating in a 100°C oven for 1 hror 
then placed in a desiccator ovemi fc 

2) Weigh exactly 1 887 gm. and place a 
a 200 cc volumetric flask. 

3) Dilute to volume with 02 N stm 

acid n .r 

b Dilute Standard Solution (5 cc "" 

1 ) ° Pjpctte IS cc. of the stock 

solution into a liter volumeoic . 

2) Dilute to volume with 0 2 N sulf 
acid. 
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G. Interpretation of Blood Non prolan Nitro- 
gen Findings, 

1 Normal Valuer 25 — 35 mg per cent. 

2 Increased due to 

a Renal impairment 

Early nephritis (35 — 50 mg %) 

Severe glomerulonephritis (50 mg % and 

up) 

Late stages of artenolonephrosclerosis 
with hypertension 

Uremia (may be high as 400 mg %) 
Urinary obstruction 
Metallic poisoning, especially Hg 0 2 
b Augmented N catabolism 
Febnle infections 

Hemorrhage m the upper GI tract 
Intestinal obstruction 
Acute generalized peritonitis 
Dehydration 
Hyperemesis 
Leukemia 
Gout 
Eclampsia 
c Other causes 

Cardiac decompensation 
Coronary thrombosis 
Acute yellow atrophy of the liver 
Addison’s disease m crisis 

3 Decreased in 

Normal pregnancy (slight) 

Diabetes melhtus (normal or lowered) 

Diabetes insipidus 

IL Tola] Prolein, Albmnln, Globulin, and 
Fibrinogen (Modified Howe’s Method). 

A. Principle: Total proteins are determined in 
serum or in plasma by a micro-Kjeldahl 
method They are converted to ammonium 
sulfate and the nitrogen determined by Ness- 
Icnzation, the nonprotein nitrogen being 
taken into consideranon Globulin is pre- 
cipitated out of serum by sodium sulfate 
and the albumin is determined on the fil- 
trate The fibrinogen is removed from the 
plasma by treating with calcium chloride 
and its nitrogen content determined 

B. General Considerations. 

1 Blood should be collected within 1 minute 
after the application of the tourniquet and 
the tourniquet should be released after en- 
tering the vein 

2 Hemolysis of the blood must be avoided 

3 A total protein determination on serum 
does not include fibrinogen 

4 A fibrinogen determination must be done 
on plasma 


5 Sources of error. 

a If the tubes are not heated slowly, the 
liquid will boil above the 35 cc. mark 
and the results will be low 
b Incomplete precipitation of globulin will 
give a high albumin value 
c Careless pipetting of 1 cc portions 
d Distilled water used m the test must be 
free of any nitrogen compounds. 

C. Colorimetric Method. 

1 Total Protein (TJ* ) 

a Pipette 1 cc. of serum into a 50 cc volu- 
metric flask and dilute to volume with 
0 g5% sodium chloride solution 
b Mix and transfer 1 cc. to a pyrex test 
tube graduated at 35 and 50 cc. (do in 
duplicate) 

c. Add 1 cc. of 1 1 sulfuric acid solution 
and 3 beads. 

d. Digest by heating over a microbumer in 
a hood until dense white fumes (S0 3 ) 
fill the tube. 

e Remove the flame and allow the tube to 
cool for 30 seconds to 1 minute, then add 
2 drops of 30% hydrogen peroxide (super- 
oxvl) allowing it to drop directly into the 
solution 

f When bubbling stops, heat to boiling If 
the solution has not cleared completely, 
repeat the addition of hydrogen perox- 
ide 

g Boil gently for 5 minutes 
h Remove tube from flame and cool 
i Continue under Nesslenzation step 5 

2 Albunnn (Kingsley’s Method) 

a Place 30 cc. of 23% sodium sulfate so- 
lution in a 50 cc centrifuge tube with 
out a hp 

b Add 1 cc. of serum, stopper, and mix 
by inverting several times, 
c Add 8 cc of ethyl ether, stopper, and 
slowly invert twice. 

A Take out stopper for a second, then 
replace, and shake vigorously for 30 sec 
onds 

e Remove stopper and centrifuge for 10 
minutes at 2200 revolutions per minute. 
i Slant the tube so that the dgntly packed 
globulin layer floating on the sodium 
sulfate solution is separated from the 
walls of the tube, insert a volametnc 10 cc. 
pipette through the ether layer along the 
lower ivall of the tube, remove approx 
mate !y 10 cc of the clear fluid Place the 
fluid in a rest tube leaving the last cc. in 
the pipette to be discarded in case any 
ether was drawn op mto the pipette 
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g Pipette two 1 cc. portions into each of 2 
pyrex test tubes graduated at 35 and 50 cc 
h Add 3 beads and 1 cc. of 1 1 sulfunc 
acid solution to each tube, 
i Digest as for total protein, 
j Continue tinder Ncsslenzation, step 5 

3 ribrmogcn 

a Do test m duplicate 
b Place 30 cc. of 0 85% sodium chloride 
solution in a large tube Add 1 cc. of 
plasma and 1 cc. of 2 5% calcium chlo- 
ride solution 

c Stopper, mix by repeated inversion, and 
allow to stand undisturbed for 30 min- 
utes to 1 hour 

d Loosen the clot from the walls of the 
test tube with a slender glass rod with 
a pointed up and filter the contents 
through a large Whatman No 50 filter 
paper 

e When most of the sodium chloride solu- 
tion has filtered off, remove the filter 
paper and lay out flat on several thick- 
nesses of filter paper to drain 
f Wind the clot around the stirring rod 
being careful to collect all of the fibrino- 
gen 

g Dry the clot between filter paper and 
phee it in a pyrex test tube graduated 
at 35 and 50 cc. 

h Add 3 beads and 1 cc of 1 1 sulfunc 
acid solution 

l Digest as for total protein above 
j Continue under Ncsslenzation, step 5 

4 Standard 

a. Place 5 cc of ammonium sulfate stand- 
ard solution (5 cc = 02 mg N) in a 
test tube graduated at 35 and 50 cc. 
b Add 3 beads and 1 cc of 1 1 sulfunc 
acid solution. 

5 Nesslcrization. 

a Dilute unknowns (total protein, albumin, 
and fibnnogen) and standard to 35 cc. 
with water and place in an ice water bath 
for at least 15 minutes 

b Blow 15 cc of Nessler’s solution into 
each using a 15 cc pipene 
c Insert a rubber stopper and mix by in- 
verting 3 times 

d Compare m a colorimeter with the stand- 
ard set at 20 mm. 

6 Calculation 

a. Total Protem Nitrogen 

5|x<,2xi^ = me %ofN 
b Albumin Nitrogen 

ro X02X ^51 = ■**«*» 


c. FtbnnogenNitrogen 
RS 

X 0.2 X 100 = mg % of N 

d Conversion of Nitrogen to Protein. 

1) The nitrogen of the total protem and 
albumin includes the nonprotein nitro- 
gen which must be subtracted If the 
nonprotein nitrogen was not deter 
mined subtract an average value of 30 
mg 

2) Since I gm of nitrogen represents 
6 25 gm of protein, transform each 
of the above to protein by the follow 
ing formula, except fibnnogen which 
does not have the nonprotein nitrogen 
subtracted 

mg.N — mg NPN’ „ , 

— c jooo X 625 — gm.% of protem. 

e Globulin — gm. of Total Protein — gm 
of Albumin 

D. Photoelectric Colorimeter Method. 

1 Follow’ directions under colonmetnc method 
for total protein, albumin, and fibnnogen to 
Ncsslenzation, except prepare 2 standards in 
stead of one 

2 Nesslenze and read as described under the 
photoelectric eolonmeter method for non- 
protcin nitrogen. 

3 The table of mg of nitrogen on which the 
nonprotein nitrogen values were based is 
used in the following calculations 

a Total Protem 

b Albumin 


c. Fibrinogen 
(mg N X 100) 


X 6JS = gm. % of fibnnogen 


<L Globiilm — gm. of Total Protein g® 
of Albumin. 


E. Solutions. 

1 Sodium Sulfate Solution — 23% . 

a. Place 230 gm of anhydrous sodium sol 
fate in a Liter volumetric flask and a ° 
about 700 cc. of hot water , 

b When the sodium sulfate is dissolveo, 
cool to 20°C and dilute to volume vm 
water . 

c Using a dilute solution of phenol re 
an indicator, adjust the pH to * W 
pink with sodium hydroxide or sultu 
and 
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2 Calcium Chloride Solution — 2 5% 

a PJace 2 5 gm of anhydrous CaOa in a 
100 cc. volumetric flask 
b Make up to volume with water 

3 Standard Ammonium Sulfate Solution ( 5 cc 
= 02 mg N) 

a See standard solution under nonprotein 
nitrogen determination for directions for 
making stock standard solution 
b Place 10 cc of the stock standard solu- 
tion (I cc, = 2 mg N) in a 500 cc 
volumetric flask Dilute to volume with 
0 2 N sulfuric acid 

4 Other solutions are described under N P N 
method 

P. Interpretation of Blood Protein Findings. 

1 Normal Values 

Total proteins 6 — 8 gm per cent. 

Albumin 3 5 — 5 6 gm per cent. 

Globulin 1 3 — 3 2 gm per cent 
Albumm-globuhn ratio 1 5 1 to 3 1 
Fibrinogen 0 2—0 4 gm per cent. 

2 Abnormal Values See Table 80 

3 Edema occurs when the serum protein level 
falls below 5 gm per cent. 

III. Spinal Fluid Total Protein. 

A. Principle • The protein is precipitated from 
the spinal fluid with acid tungstate, dis- 
solved, and reprecipitated The nitrogen is 
determined on an aliquot portion after being 
put into solution with tne aid of sodium 
hydroxide 

B. General Considerations. 

1 Presence of blood gives false high values. 

2 Presence of bactena gives unreliable results 

3 Delay of analysis increases the value obtained 
unless fluid is kept sterile and tightly corked 

C. Colorimetric Method. 

1 Place 3 cc of spinal fluid in a graduated 
centrifuge tube and add 3 cc of water 
(Use 1 cc of spinal fluid if protein is high ) 

2 Add 1 2 cc of 2/3 N swfunc acid and 
12 cc. of 10% sodium tungstate solution. 

3 Stopper and mix by inverting, remove 
stopper and save for later mixings 

4 Centrifuge and decant clear supernatant 
fluid. (The supernatant fluid may be used 
for sugar determination) 

5 Add 0 6 cc of 10% sodium tungstate so- 
lution to the precipitate and mix until all 
of the protem is dissolved 

6 Add 6 cc of water and 06 cc of 2/3 N 
sulfuric acid 


7. 

8 

9 

10 

11 

12 

13 

14 


15 

16 

17 

18 
19 


D 

1 

2 
3 


4 


. Stopper to mix and then centnfuge 
Decant supernatant fluid Add 1 drop of ap- 
proximately 5 N NaOH to the precipitate 
Shake until the protein is dissolved 
Make up to 3 cc with water, stopper, and 
mix 

Place 1 cc of the above m a pyrex test tube 
marked at 35 and 50 cc (do in duplicate) 
Add 3 beads and 1 cc of 1 1 sulfunc acid 
solution. 

Digest as for total protem (p 275) 

Standard 

a Place 3 cc of ammonium sulfate stand 
ard solution (3cc —009 mg N) in a 
test tube marked at 35 and 50 cc 
b Add 3 beads and 1 cc of 1 1 sulfunc 
acid solution 

Dilute unknown and standard to 35 cc 
with water and place in an ice water bath for 
at least 15 minutes 

Blow IS cc of Nessler’s solution into each 
tube 

Insert a rubber stopper and mix by invert 
mg 3 times 

Compare in a colonmeter with the stand 

ard sec at 20 mm 

Calculation 

a When 3 cc of the standard is used 


~ X 009 X , -r X 100 X 6 25 

RU cc sp fl used 


b 


When Z cc of the standard is used 

~ X 0 05 X ^ jX 100 X 625 

RU cc.sp fl used 


= mg % protein 


Photoelectric Colorimeter Method . 

Follow directions under colorimetric method 
to the digestion (13 above) 

Digest as for total proteins (p 275) 
Continue as described under tne photoelectric 
colonmeter method for N P N using 3 cc of 
the standard solution (3 cc = 0 09 mg N) and 
setting the galvanometer accordingly 
The table of mg of nitrogen on which the 
N P N values were based is used in the fol 
lowing calculation 

nuN X Ij 3 X 100 X 6 JS 

s CC sp fl used 

= mg % of protein. 


E. Solutions. 

1 Sulfunc Acid Solution — 2/3 N, see page 264 

2 Sodium Hydroxide Solution — 5 N 

a Place 27 5 cc. of the supernatant fluid 
from a stock NaOH (110 gm. of NaOH 
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Table 80 Significance of Blood Protein Findings* 


Pathological Condition 

Total Protein 

Albumin 

Globulin 

Fibrinogen 

Anemias (severe) 

Dec 

Dec. 

Dec. 

Dec. 

Carcinoma 

N to Inc. 

N to Dec. 

N to Inc. 

Inc. 

Dehydration rapid with hemocon cent rat ion (severe 
diarrhea and vom ting restriction of fluids high in 
testinal obstruction shock extensive bums Addisons 

Inc 

Inc 

Inc 

Inc. 

disease in cris s) 





Dehydration slow without hcmoconcent ration (pro 
longed vomiting or diarrhea severe bums and sprue] 

Dtc 

Dec 

N 

N 

Edema 





Nephritic 

Dec. 

Dec 

N to Inc. (R) 

Inc 

Nutritional and Beriberi 

Dtc 

Dec 

N 


Cardiac 

N to Dec 

N to Dec 

N 


Glomerulonephritis 



N to Inc 

Inc 

Acute 


Dec 

Chronic 

Dtc 

Dec 

N to Inc (R) 


Hemochromatosis 

Dtc 

Dtc 

Inc (R) 

Dec. 

Hemorrhage (severe) 

Dec 

Dec 

N to Dec 

Dec. 






In feet ions accompanied by leukocytosis or 



Inc. 

Inc. 

suppuration 



Pneumonia 



Inc 


Typho d fever 

Tuberculosis 

Dec 

Dec. 

N 

N 

Inc 

Dec. 

Inc 

Leprosy 


Dec 

Inc. 


1 yphus fever 

Dec 

Dec 



Lymphogranuloma venereum 

Inc 

N 

Inc 


Syphilis 

Inc 

N 

Inc. 


Leukemia 

Dec 

Dec 

Inc 

Dec. 





Dec. 

Cirrhos s with ascites 




Infectious hepatitis 





Parenchyma destruction 

Dec 

Dec 

N 


Malnutrition 

Dec 

Dec 

N 

N 

Multiple mjeloma 

Inc 

N to Dec. 

Inc 

Inc. 

Nephros s 

Dec 

Dec 

N to Inc (R) 

Inc 

Parasitic infections 




Inc. 

ha la azar 




Malaria 





Schistosomiasis 

N to Inc 

Dec 

Inc 


Pregnancy with toxemia 

Dec. 

Dec. 

N to Inc. (R) 

Inc. 

Sarcoidosis 

Inc 

Dec 

Inc 

N 


‘The Dec or Inc in bold lace italics means the decrease or increase is of diagnostic s gmficance N means norma 
( R) means the increase is retain c 


pellets per 100 cc. of water) solution in 
a 100 cc. \olumctnc flask, 
b Dilute to \olume with water 
3 Standard Solution — same as used for NPN 

F. Interpretation of Spinal Fluid Total Pro- 
tein findings 

1 See Table 26 on page 154 


2 An increase as high as 300 mg per cent cia ^ 

be obtained in myxedema , 

3 An increase is sometimes obtained in ^ 
tis of the spine 

IV. Urea Nitrogen (BUN) 

(Folin and Svedberg’s Method). 

A. Principle Urea is hydrolized to ammonium 
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carbonate by means of the enzyme urease 
m the presence of a buffer solution (pH 
*8) The ammonia is liberated by the addi 
aon of the sodium borne and then distilled 
into 0 05 N hydrochloric acid The amount 
of nitrogen present is determined colon 
metrically after Nesslenzation 

B Sources of Error 

1 Too much oxalate or citrate as an antico 
agulant interferes with the urease reaction 

2 Glassware that has had Nessler s solution in 
it must be washed with nitric acid before 
it can be used for the urease reaction 

3 Tubes that have contained cyanate should 
never be used for urea determinations 

4 Excess buffer interferes with the urease re 
action 

5 The urea will be increased if too much 
urease is used 

6 Too long heating dunng distillation 

C. Colorimetric Method 

1 Place 5 cc of protein free blood filtrate 
in an unmarked pyrex tube (20x200 mm) 

2 Add 6 drops of acetate buffer solution or 
2 drops of sodium pyrophosphate buffer 

3 Add 1 cc of urease solution 

4 Immerse the tube m a 55 °C water bath 
for 15 minutes The temperature should 
not drop below 45 °G 

5 Cool the tube add 3 beads and allow 4 drops 
of mineral oil to run down the inside of the 
tube 

6 Place 2 cc. of 005 N HC1 in a pyrex test 
tube graduated at 25 35 and 50 cc (tube 
B m Fig 28) and insert the delneiy tube 



Fic 28 Distilling apparatus for the deternunat on of 
blood area n trogen 

a Tube B must have a bore of such 
size that a slit cur in the rubber stop 
per will remain open to allow the escape 
of steam 


7 


9 


10 

11 


12 


13 


14 

15 


1<S 

17 

D 

1 

2 

3 

4 


b The delivery tube is a 5 or 10 cc vol 
umetnc pipette bent at a 45° angle and 
it must be long enough to extend below 
the surface of the HC1 in tube B 
Blow 2 cc of saturated sodium borate Solu 
tion into tube A containing the filtrate and 
immediately connect to the delivery tube 
Boil the mixture of filtrate and borate gen 
tly with a low flame for 1 minute being 
careful that the distillate does not suck 
back 

Increase the heat and boil until steam be 
gins to escape from the slit in the stopper 
of tube B which takes about 5 7 minutes 
then continue heating for 1 mmute Pro 
longed heating will cause false high results 
Disconnect tube B and heat tube A one 
minute with the delivery tube slightly above 
the surface of the liquid. 

Rinse the lower end of the delivery tube 
and the sides of rube B with a little water 
and dilute with water undl the total volume 
is about 20 cc 

Place in an ice water bath for at least ]5 
minutes before Nesslenzing When there is 
more than 1 determination set each aside 
unnl all are cooked then place all the tubes 
and 1 standard m the warcr bath at the s.ime 
time 

Stmdard 

a Place 5 cc of ammonium sulfate stand 
ard solution (5 cc — 015 mg N) m 
a tube marked at 50 cc 
b Add 35 to 40 cc of warer and cool m an 
ice water bath with the unknowns 
Blow 5 cc. of Nessler s solution into the tube 
containing the standard dilute to 50 cc mix 
and standardize the colorimeter 
Blow 2 5 cc of Nessler s solution into each 
unknown d lute to 25 cc and mix If the 
color is dark add an additional 2 5 cc of 
Nessler s solution and dilute to 50 cc 
Compare m colorimeter with the standard 
set at 20 mm 




Photoelectric Colorimeter Method 
Follow colorimetric method to the point of 
Nesslenzation except prepare 2 standards jn 
stead of one. 

Place the tubes in ice water until they have 
reached a temperature of 11°C. 

Blow 5 cc of Nessler s solution into each of 
the standards dilute to 50 cc with cold water 
and mix 

Blow 2 5 cc. of Nessler s solution into each 
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unknown, dilute to 25 cc. with water, and 
mix. 

5. Allow the tubes to stand for 15 minutes at 
room temperature, but read them within the 
nett 10 minutes. 

6. Read one of the standards as follows: 

a. Pour 10 cc. into a colorimeter tube and 
place in the colorimeter using filter No. 
520. 

b. Adjust the galvanometer to the point at 
which the standard was found to read 
when making the calibration curve. 

c Remove the tube and allow the galva- 
nometer to swing back into position and 
take the reading. 

d. Repeat with the second standard; this 
reading should check that of the first 
standard within 1 division on the gal- 
vanometer. 

e. This reading corresponds to that of a blank 
and is used as such to read the unknowns. 

7. Read each unknown and obtain the mg. per 
cent of urea from the table of t alues. 

8. If the value is over 30 mg. per cent, dilute the 
filtrate with water and repeat the determina 
tion. 

9. Calibration of Standard Curve. 

a. Use a standard ammonium sulfate solution 
in which 5 cc. = 0 15 mg. N. 

b. Place the number of cc. of the standard 
solution containing 0.06, 0 09, 0.12, 0.15, 
0 18, 0.21, 0.24, 0 27, 0.30, and 0.36 mg. of 
nitrogen serially in 10 test tubes graduated 
at 50 cc. 

c. Dilute each tube to about 40 cc. with 
water. 

d. Prepare a blank tube of about 40 cc. of 
water. 

e. Place all the tubes in ice water until they 
have reached a temperature of 11°C. 

f Blow 5 cc. of Ncsslcr’s solution into each 
tube, fill to the mark with water, and mix 
by inversion 

g. Allow the tubes to stand 15 minutes at 
room temperature, but read them within 
the next 10 minutes. 

h Pour 10 cc. of the blank solution into a 
colorimeter tube, adjust the galvanometer 
to 100 using filter No. 520 

i. Remove the tube, record the galvanometer 
reading, and then read each of the stand- 
ards. 

N j. Perform a sufficient number of determina- 
tions on each concentration of nitrogen 
that an average of the readings obtained 
will give a straight line when plotted on 
semilogarithmic graph paper. 


k. Make 3 table of values for urea nitrogen in 
mg. per cent by multiplying the mg. N by 
100 (0.01 mg. N. is equivalent to 1 mg 
per cent of urea nitrogen). The tame 
should not be higher than 30 mg. per cent 
because values above this are inaccurate 
and the test should be repeated using 
filtrate that has been diluted with water 


E. Solutions. 


1. Buff er Solutions. 

a. Acetate Buffer. 

1) Place 9 gm. of anhydrous sodium 
acetate (NaC^HjC^) or 15 gm. of 
crystalline sodium acetate (NaCjHjOj 
• 3H 2 0) in a 100 cc. volumetric fiasi 
and dissolve in about 50 cc of water. 

2) Add 1 cc. of glacial acetic acid and 
dilute to volume with water. 

b. Sodium Pyrophosphate Buffer. 

1) Place 140 gm. sodium pyrophosphate 
(Na 4 P 2 0 7 • 10H 2 O) in a liter volu- 
metric flask. 

2) Add 0.5 N phosphoric acid to vol- 
ume. 

3) The 0.5 N phosphoric acid is made 
as follows: 

a) Dilute 20 cc of 85% orthophos- 
phoric acid to I liter with water 

b) Titrate 5 cc. of this acid with 0.1 
N NaOH using phenolphthalem 
as an indicator. 

c) Five cc of the acid should neutral- 
ize 18 cc of 0.1 N NaOH- 

2. Hydrochloric Acid — 0 05 N. 

a. Add 5 cc of cone hydrochloric aad to 

about 700 cc of water in a liter volu- 
metric flask and dilute to volume wim 
water. 4 

b. Mix well and standardize with 01 T* 

NaOH using phenolphthalein as an wm* 
cator. .. , 

c Twenty cc of 0 05 N HG is neutralized 
by 10 cc of 0.1 N NaOH. 

3. Sattnated Sodium Borate Solution— -a® 0 ’ 

60 gm. of pure sodium tetraborate fN 32 ** 4 * 

• 10H 2 O) m 500 cc of hot water. 

4. Urease. „ 

a. Place 3 gm. of permutit in a 250 cc- rus 
with 100 cc. of 2% acetic acid. 

b. Shake vigorously, let stand for a 

ridnutes, and then decant the supenia 
fluid. a . , tfyi 

c. Wash the residne 2 or 3 times witn 


cc. portions of water. , 

d. Add 10 0 cc of 15% ethyl alcohol U 
cc of 95% alcohol diluted to 100 cc 
water) and 5 gm- of jack bcan IT,cai 
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e Shake vigorously and continuously for 
15 minutes 

f Filter in the refrigerator through What 
man No 40 filter paper Cover the fun- 
nel with a watch glass 
g The solution will keep in the refrigerator 
about 1 month 

h Check the new solution of urease and 
again at weekly intervals by using 5 cc. 
of a 0 004% urea solution ms read of the 
protein free filtrate in the test for urea N 

1) The 0 004% solution is made by plac 
ing 1 cc of a 0 2% urea solution in 
a 50 cc volumetric flask and diluting 
to volume with water 

2) This should read Id or 16 1 mm on 
the colorimeter or equal 18 66 mg 
urea N 

5 For other solutions see method for non- 
protein nitrogen 

F. Interpretation of Blood Urea Findings 

1 Normal Values 10 — 15 mg per cent. 

a The concentration of blood urea is in 
fiuenced by the amount of protein me- 
tabolism and the rate of excretion 
b It tends to be high when protein metab- 
olism is increased by diet and fever and 
is somewhat diminished when protein 
metabolism is at a low level 
c. Normally it is approximately one half of 
the nonprotem nitrogen but in retention 
it may constitute 80 to 90 per cent 

2 Increase due to 

a Renal impairment 

Nephritis — acute and chrome 
Metallic poisoning 

\ Double polycystic kidney and urinary 
obstruction 

b Augmented nitrogen catabolism 
Intestinal obstruction 
Dehydration 
Pneumonia 

Acute generahzed peritonitis 
Bleeding peptic and duodenal ulcers due 
to digestion of erythrocytes in the upper 
intestine, also, m bleeding carcinoma of 
the stomach and in bleeding esophageal 
vances in cirrhosis of the liver 
c Other causes 
Addison s disease 
Surgical shock 

J Decreased m 

Acute hepatic insufficiency 
Nephrosis 

Chronic wasting diseases 

Amyloidosis 

Pregnane) 


V. Urea Clearance Test (MoVcr, McIntosh , 
and Van Slyke). 

4. Principle The clearance of a substance by 
the kidney is the minimum volume of bloo d 
required to fufmsh the quantity - of that - sub- 
stance excreted m the urine m one minute 
Urea passes freely into the glomerular fil 
trate m the same concentration as it occurs 
in bloo d plasma , a portion of it is reabsorbed 
by the tubules, and the remainder is excreted 
in the unne vThe percentage of reabsorbed 
urea decreases as the unne flow increases 
The unne flow per nunute is determined 
from the quantity of unn?. excre ted in a 
kn own time The urea clearance is UV/P_ 
w hen U is the unne urea N V ?s the volum e 
of urine per Tninute . arid P is the plas ma 
ur ea N This clearance is corrected to the 
average body surface area of 1 73 sq mete rs 
and reported in per cent oF an established 
normal for the cc of unne flow per minute 
found jn the test. ^ 



y' Exercise preceding the test should be avoid 
ed because it decreases the clearance 

sy' Patients with nephntis should be kept in bed 
during the test 

\JS Administration of a mmonium salts o f organic 
acid s must Be avoided 

yje Small doses - of adrenalin increase, while pitu 
itnn and large doses of adrenalin decrease 
the cle arance . 

C. Collection of Specimens V 

1 The test is performed during the morning 
hours after a light breakfast without tea, 
coffee, or milk 

2 The patient is given 1 glass of water at the 
beginning of the rest which should be at 
least 1 hour after breakfast. No fluid should 
be taken from breakfast to this time 

3 The padent then voids unne and the exact 
□me recorded In the performance of this 
test a stop watch is very useful 

4 Blood for the urea determination is drawn 
I hour later 

5 Unne is collected at the end of 2 hours, die 
exact time at the end of the collection is 
noted 

6 The volume is measured carefully and the 
number of cc of unne excreted per minute 
is calculated 

D Plasma Vrea Nitrogen, » 

1 Determine the urea N on plasma as desenbed 
under urea mtrogen on page 278 

2 Make the filtrate according to the method 
for plasma filtrates on page 265 
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E. Urine Urea Nitrogen (Colorimeter 
Method). 

1. Dilute the urine according to the volume 
of urine excreted in the 2 hour period. 

a. A 1—10 dilution if the volume is under 
100 cc. 

b. A 1— 5 dilution if the volume is over 
100 cc. 

2. Mix well and place 20 — 30 cc. of the di- 
luted urine in a 200 cc. Erlenmeyer flask. 

3. Add 4 — 5 gm. of permutit and shake gently 
for 5 minutes to remove the ammonia. 

4. Allow to settle for 30 seconds and then 
filter through double Whatman No. 50 fil- 
ter paper until clear. 

5. Place l cc. in a large test tube with a lip, 
add 6 drops of acetate buffer or 2 drops 
of sodium pyrophosphate buffer and 1 cc. 
of urease. 

6. Place 2 cc. in another large test tube with 
a bp and add 12 drops of acetate buffer or 
4 arops of sodium pyrophosphate buffer 
and 2 cc. of urease. 

\ 7. Incubate both tubes in a water bath be- 
tween 45 and 55°C for 15 minutes. 

8. Transfer each of the incubated nnnes quan- 
titatitely to 200 cc. volumetric flasks and 
dilute to 170—175 cc. with distilled water. 

9. Standard. 

1) Place 5 cc. (0.3 mg. N) of ammonium 
sulfate solution in a 100 cc. volumetric 
flask, add 3 drops of acetate buffer or 

1 drop of sodium pyrophosphate buf- 
fer, and 0 5 cc. of urease solution. 

2) Place 10 cc. (0.6 mg. N) of ammonium 
sulfate solution in a 100 cc. volumetric 
flask, add 6 drops of acetate buffer or 

2 drops of sodium pyrophosphate buf- 
fer, and I cc. of urease solution. 

3) Dilute each to 70 — 80 cc. with water. 
10 Cool the unknowns and the standards in 

an ice water bath for at least 15 minutes. 

11. Blow 10 cc. of Nessler’s solution into each 
standard. 

12. Blow 20 cc. of Nessler’s solution into each 
unknown. 

13. Dilute to volume with cold water and com- 
pare the unknown in the colorimeter with 

, the standard that most closely approximates 
its color. 

14. Set the standard at 20 mm. 

15. Calculation: 


•0.1 or 0.2 cc. if 1—10 dilation. 
0.2 or 0 4 cc. »f 1— J dilution. 


16. Normal urea N excretion in 24 hours h 10 to 

15 gm. depending upon the amount of pro- 
tein in the diet. To change urea N to urea 
multiply by 2.14. The normal urea content 
is 25 to 35 gm. 

F. Urine Urea Nitrogen (Photoelectric Color. 
Imeler Method). 

1. Follow the colorimeter method up to die 
addition of Nesslcr’s solution, except male 2 
standards using 5 cc. of the standard am- 
monium sulfate solution (0.3 mg. N). 

2. Place the flasks containing the unknown and 
standards in an ice water bath until they have 
reached a temperature of 1I°C 

3. Blow 10 cc. of Nessler’s solution into each 
standard, dilute to volume •with water, and 
mix. 

4. Blow 20 cc. of Nessler’s solution into the un- 
known, dilute to volume with water, and mil 

5. Allow the flasks to stand 15 minutes at room 
temperature, but read them within the ntn 
10 minutes. 

6. Using filter No. 520, set the galvanometer 
with the standard and read the unknowns 
according to the directions under blood urea 
determination. 

7. Calculation: 

a. Obtain the mg. of nitrogen for the gal- 
vanometer reading from the table of val- 
ues for urea nitrogen by dividing by 100. 

dilution of a ti ne _ 

Mg.N X 4 X 100 dtaed him used 

mg of area N. 

The 4 is used in the calculation because 
the nitrogen values are based on a final 
volume of 50 cc. instead of 200 


G. 

I. 


Urea Clearance Calculation. 

Method Using Surface Area of Patient. 
a. Obtain weight and height of patient an 
calculate surface area. 


SA. = Wt. o XHt." »» X 71.84. 

SA. = surface erea in ^ cm. (divide by 
to obtain square meters). 

Wt — weight in leg. 

Ht. — height in cm. 

b. Calculate urine flow in cc. per minute. 


c. Clearance: 

Urine urea N X cc. crinc per minute 
Plasma urea N 

S= cc. of plasma cleared per minute. 

d. Correct cc. of plasma cleared per 

to the average surface area of 1. ^ 

meters. 
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Formula: 

1.73 

S A. of patient 


X cc, plasma cleared per minute. 


e. The percentage of normal function for 
any urine flow is determined by dividing 
the corrected urea clearance by the nor- 
mal value for that urine flow as given in 
Table 81. 


Fable 81. Normal Urea Clearance Values 


lirincFlow 
cc /min. 

Urea Clearance 

CC /1.73 sq M/mm 

0.10 

9 0 

0.20 

18 0 

0.30 

27 0 

0.40 

36 0 

0 50 

43 0 

0 75 

50 0 

1 00 

54 0 

1.50 

57 0 

2 00 

60.0 

4 00 

62 5 

6 00 

65 0 

8 00 

66 5 

1 0 00 

68 0 

1 2 00 

73 0 

1 4 00 

78 0 


2. Method Using Standard, Maximum, and 
Minimum Clearance. 

a. Standard clearance— Used when urine 
flow is between 0.35 — 2 cc. per minute. 
V Urine per min. X Unnc urea N 

Plasma urea N 

= cc. of plasma cleared per mmute. 

1) Normal standard clearance of plasma 
per minute is 54 cc. with a range 
from 40 — 68 cc. 

2) Per cent of normal clearance — cc. of 
plasma cleared X 1*85. (The 1.8S is 
obtained by dividing 100 by 54.) _ 

b. Maximum clearance — Used when urine 
flow is more than 2 cc. per minute. 

Urine per min. X Urine urea N 
Plasma urea N 

— cc. of plasma cleared per minute. 

1) Normal maximum clearance of plasma 
per minute is 75 cc. with a range 
from 64 — 99 cc. 

2) Per cent of normal clearance = cc. of 
plasma cleared X 1-33. (The 1.33 is 
obtained by dividing 100 by 75.) 

c. Minimum clearance — Used when urine 

flow is less than 0.35 cc. per minute. 

cc. of plasma cleared per minute. 

Plasma urea N 

1) Normal vnnxmum clearance is 32 cc. 
of plasma per minute with a range of 
24 — 40 cc. 


2) Per cent of normal clearance = cc. of 
plasma cleared X 3.12. (The 3.12 is 
obtained by dividing 100 by 32.) 

H. Solutions. 

I. Standard Ammonium Sulfate Solution (5 cc. 
= 0.3 mg. N). 

a Place 15 cc. of the stock ammonium sul- 
fate standard solution (1 cc. = 2 mg. N) 
in a 500 cc. volumetric flask. 

b. Dilute to volume with 0.2 N sulfuric 

acid. v 

c. For directions to make stock standard 
solution see page 274. 

2. For other solutions see method for blood 
urea nitrogen. 

I. Interpretation of Urea Clearance Findings. 

1. Normal clearance is 100 per cent (ranges 
from 60 — 125 per cent). 

2. Figures below 60% imply decreased kidney 
efficiency. 

a. Mild impairment; 40 — 60 per cent 

b. Moderate impairment; 20 — 40 per cent 

c. Severe impairment; Less than 20 per cent 

3. May be decreased due to changes in blood 
urea N from causes other than kidney dam- 
age. 

a. See increase in urea N due to augmented 
N catabolism on page 281. 

b. See decrease in urea N on page 281. 

4. In patients with diminishing renal function, 
the urea clearance usually falls before there 
is an increase in blood urea. 

5. Blood uric add may be elevated before ab- 
normal clearance values are obtained. 

6. A urea clearance above normal may be 
found in pregnancy, nephrosis, fevers, and 
after a hign protein intake^ 

VI. Uric Acid (Modified Koch’s Method). 

A. Principle: Uric add reduces the phospho- 
tungstate reagent to a blue phosphotung- 
state compound. Substances in the blood 
other than uric acid, such as ergothioneine 
and glutathione, give this blue color, but 
these are eliminated to a large extent by 
using serum for the test. 

B. General Considerations. 

1. The serum is deproteinized with sulfuric add 
and sodium tungstate (see directions on page 
265) and allowed to stand 20 minutes before 
filtering. 

2. The urea cyanide solution shonld be kept in 
the refrigerator at a ll times. 

3. The urea cyanide solution is poisonous and 
should be handled with caution- 
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4 Sources of error 

a Urea cyanide solution not cold when 
added to the filtrate or standard, 
b Using a dilute standard solution that has 
stood longer than 1 month 

C. Method 


2 

3 

4 

5 

6 
7 


Place 5 cc. of the protein free scrum fi! 
tratc m a large test tube and 5 cc of stand 
ard unc acid solution (5 cc. = 0 02 mg) m 
another test tube of the same size. 

Add 5 cc. of cold urea cyanide solution from 
a long tipped burette directly into the solution 
m each tube. 

Mix by whirling at an angle of 60° 

Add 1 cc of unc acid reagent dropwise 
directly into the solution in each tube 
Mix the contents of both tubes well ittd 
allow to stand 20 minutes in a 25°C. water 
bath before reading 

Read the unknown against the standard set 

at 20 mm. in a colorimeter 

Calculation. 


RS v v >oo „ so _ 

_ x 00 ! x oj- — inj - ">s 


D Solutions 

1 Urea Cyanide Solution. 

a Dissolve 250 gm. of Merck s or Baker’s 
cp urea in 700 cc. of water 

b Filter into a liter volumetric flask and 
dilute to volume with water 

c. This 25% solution is stable when stored 
in the refrigerator 

d. Dissolve 2 5 gm. of Merck’s or Bakers 
c.p sodium cyanide in 100 cc. of the 
25% urea solution. This is stable for 2 
or 3 days when it is stored in the re- 
frigerator 

e Check each new bottle of sodium cya 
mde by using a standard and an unknown 
filtrate for both old and new sodium 
cyanide reagents. 

2 Uric Acid Reagent 

a. Dissolve 100 gm of sodium tungstate 
(Pfanstiehl, c.p ) in 700 cc. of water to 
a 2 liter Florence flask. 

b Add 75 cc of 85% phosphoric acid and 
boil gently under a reflux condenser for 
24 hours Place tin foil around the stopper 
connecting the condenser to the flask. 

c. Decolorize by adding a few drops of 
bromine or 30% hydrogen peroxide to 
the hot solution and boil without the 
condenser for 10 minutes to remove the 
excess 

d Transfer the pale yellow liquid to a liter 
volumetric flask and dilute to volume 


with water Filter and store in a glass 
stoppered brown bottle 
e Check each new reagent by usm» j 
standard and an unknown filtrate for 
both old and new reagents. 

3 Stock Standard Unc Acid Solution (1 cc.= 
1 mg) 

a. Weigh out on a watch glass exactly 1 
gm. of unc acid and transfer it to a htn 
volumetric flask by means of a dry fun- 
nel 

b Transfer 0 6 mg of lithium carbonatr 
to a 200 cc Florence flask, add 150 cc. 
of water and shake until dissolved, about 
5 minutes 

c. Filter the carbonate solution and heat the 
filtrate to 60®C. 

d. Warm the liter flask containing the unc 
acid under running warm water and pour 
the w arm lithium carbonate solntion into 
it, washing into the flask the traces of 
unc acid which have adhered to the 
watch plass and funnel. 

e Shake m order to dissolve the unc aad 
immediately A little additional hearing 
under running water is permissible, 
f The lithium carbonate solution is not 
always perfectly clear even when filtered 
This turbidity should not be mistaken 
for undissohed unc aad and the vann- 
ing and shaking continued too long 
g In 5 minutes the unc aad should a 11 be 
dissolved Shake the flask under cool 
running water without undue delay 
h. Add 20 cc. of neutral c.p formalin (40^ 
formaldehyde) and half fill the flask with 
water „ 

l Add a few drops of methy 1 orange indi- 
cator and finally add from a pipette* 
slow ly and with shaking, abont 25 cc. o! 
N sulfunc aad. 

j The solution should turn pink while 2 or 
3 cc. of acid still remain in the P’P^ 1 
shownng that the total aadity from too 
ing 25 cc. of acid is not too great* 
k. Dilute to volume with water, mix tnor 
oughly, and transfer to a clean ngntiy 
stoppered bottle. # 

1 Stored away from light, it will keep 

at least J years. __ 

4 Dilute Standard Unc Aad Solution (5 ec.- 

002 mg) 

i Pipette 1 cc. of the stock statidtri one 
aad solution into a 250 cc. rolum 
flask and dilute to volume with water 
b Add 3 cc. of chloroform, 
c. Prepare fresh once a month- 
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E. Interpretation of Blood Vnc Acid Find- 
ingt. 

1 Normal Values 2 0 — 5 0 mg per cent. 

2 Increased m 

a Renal insufficiency 

Acute and chrome nephritis 
Urinary obstruction 

Metallic poisoning, e.g mercury and lead. 
Hypertension, especially when uncom- 
pensated 

b Metabolic disturbances 
Gout 

Diabetes with acidosis 
Following a high purine diet 
After exercise 

c Conditions accompanied by massive and 
rafnd destruction of cell nuclei 
Leukemia 
Polycythemia 

Pernicious or any severe anemia during 
stage of rapid regeneration of erythro- 
cytes 

Malignant tumors especially with exten- 
sive necrosis 
d Miscellaneous 
Acute infections 
Cardiac decompensation 
Intestinal obstruction 
Eclampsia 

3 Decreased m 

Pernicious anemia — relapse 
Acute yellow atrophy ot the liver 
Salicylate and stophan therapy 

VII. Creatinine (Folin’s Method). 

A. Principle The determination is based upon 
the JafK reaction between creatinine and 
sodium picratc in alkaline solution to form a 
red tautomer of creatinine picrate This re- 
action is not specific for creatinine but also 
occurs with other chromogemc substances 
which may be ruled out in part by using 
a serum filtrate instead of a whole blood 
filtrate 

B General Consideration* 

1 Since high creatinine values are always ac- 
companied by increases in urea and uric acid, 
it is only necessary to run the creatinine 
determination when these are high 

2 The unknown must closely approximate the 
color of the standard with which it is com- 
pared in the colorimetric method 

J If the value for urea nitrogen is available, 
set up a creatinine standard equal to the urea 
nitrogen value divided by ten This will 
usually give a close approximation of color 
in standard and unknown. 


4 Sources of error 

a. Using alkaline picrate that has not stood 
20 minutes nor longer than 1 hour 
b Not thorough mixing of solution after 
adding alkaline picrate solution 
c. Incorrect tuning before reading in the 
phoroelectric colorimeter 


C. Colorimetric Method, 

1 Place 10 cc of protein free serum filtrate 
in a large test tube 

2 Set up two standards 

a Ten cc of the creatinine standard solu 
non (10 cc =003 mg ) in one test tube 
b Five cc of the creatinine standard solu- 
tion (5 cc. = 0 01J tng) plus 5 cc of 
water m another test tube 

3 Add 5 cc of the alkaline picrate solution 
(made fresh) to each of the 3 test tubes and 
mix. 

4 Set the standard that most closely approxi- 
mates the color of the unknown in the color 
imeter at 20 mm 

5 Read the unknown 8 to 10 minutes after 
adding the alkaline picrate solution 

6 The color comparisons must be completed 
at the end of IS minutes, therefore, it is never 
advisable to work with more than 3 to 5 
unknowns at a time 

7 If the creatinine content of the unknown is 
too high for the strongest standard, it may 
be diluted with 10 cc of water and 5 cc. 
of alkaline picrate and then read in the color- 
imeter, but always within the time limits 
set above 

8 Calculation 


^«xS= 


D. Photoelectric Colorimeter Method. 

1 Pipette 10 cc. of water into a colorimeter 
tube for a blank 

2 Pipette 10 cc of protein free serum filtrate 
into another colorimeter tube 

3 Place the 2 colorimeter tubes m a 25°G wa 
ter bath and allow 5 minutes for them to 
assume the temperature of the water bath 

4 Blow 5 cc. of freshly made alkaline picrate 
solution mto each tube while shaking it, and 
let the tubes stand in the water bath for exact- 
ly 10 minutes. 

5 Set the galvanometer at 100 using the blank 
and filter No 520 

6 Read the unknown and obtain the mg per 
cent of creatinine from the table of values 
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7 Calibration of Standard Curve 

a. Make a dilute standard solution by placing 
10 cc of the stock standard creatinine 
solution in a liter volumetric flask and 
diluting to volume with 0 1 N HQ (1 cc 
= 0 01 mg ) 

b Pipette the following amounts of the 
dilute standard solution and water into a 
senes of colorimeter tubes that hat c been 
placed in a water bath at 25°C. 

cc. of 

d lute mg of mg % 

standard cc of creatinine in of creatinine in 
solution nater IOcc blood 

1 9 001 1 

2 S 002 2 

3 7 003 3 

4 6 004 4 

J 5 0 03 S 

6 4 00 6 6 

7 3 0.07 7 

8 2 0 08 8 

9 1 009 9 

10 0 010 10 

0 10 Blank Blank 

c. Continue as described in the method abo\ e 

d. Repeat tests several times using the same 
dilute standard soluoon and then repeat 
on several new dilute standard solutions. 

e. Average the galvanometer readings for 
each concentration and plot on semiloga 
nthmic graph paper It should make a 
straight line 

f Make a table of values according to mg 
per cent of creatinine m blood for each 
galvanometer division 
E Sotuilont 

1 Saturated Picnc Acid Solution — 1 17% 
a. Dissolve 13 5 gm. of purified picnc acid 
in 900 cc of water with die aid of heat 
b Cool and store m a brown bottle, 
c Purification of picric acid 

1) Dissolve 125 gm of anhydrous sodium 
carbonate ana 250 gm of picnc acid 
in 3000 cc. of boiling water 

2) Filter while hot and set the clear fil- 
trate aside at room temperature for 
12 to 24 hours 

3) Collect the crystallized sodium picrate 
on a Buchner funnel, pack firmly with 
a pesdc, and wash by suction on the 
funnel with about 1000 cc of cold 10% 
NaG solution 

4) Avoid the development of cracks m 
the cake of sodium picrate on the filter 

5) Suspend the caked precipitate m about 
150 cc of cold water and acidify by 
the gradual addition of cone HQ 
(about 80 cc ) until the orange sodium 


picrate changes completely to the yel- 
low color of picnc acid The sodium 
picrate is changed by the HG to picnc 
acid which crystallizes out. 

6) Filter through a Buchner filter 

7) Suspend the precipitate in ice cold wa 
ter and refilter Wash in this way at 
least 3 times. 

8) Dry the picnc acid thus obtained be 
tween filter papers or in a large evapo- 
rating dish ana store in a dark bottle. 

d Test for purity of picnc acid 

1) Prepare a saturated solution of picnc 
acid 

2) Add 0 5 cc. of 10% NaOH to 10 cc 
of the saturated solution of picnc acid 
and let stand for 15 minutes 

3) Compare this alkaline soluoon m a 
colorimeter with the saturated picnc 
acid solution set at 20 mm. 

4) The alkaline soluoon, when set to 
match the saturaoon soluoon, should 
not read less than 13 5 mm 

2 Alkaline Picrate Solution 

a To 25 cc. of the saturated picnc acid in 
a 125 cc Erlcnmcyer flask, add 5 cc. of 
10% NaOH and mu well 
b This solution must be made daily and a! 
lowed to stand 20 minutes before adding 
to the filtrate, but it can not be used after 
standing longer than 1 hour 

3 Standard Creatinine Solutions 

a. Stock Standard Solution (I cc.= l mg) 

1) Dissolve 100 mg of creaomne in about 
80 cc. of 0 I N HG in a 100 cc volu 
metric flask 

2) Dilute to volume with 0 1 N Hu 
b Dilute Standard Solution (10cc = 00l 

mg ) 

1) Place 3 cc of the stock solution in a 
liter volumetric flask, add 10 cc. o 
0 1 N HG, and dilute to volume watt 
water 

2) Add a few drops of chloroform o 
toluene. 

F. Interpretation of Blood Creatinine Find* 
ingt 

1 Normal Values 0 8—2 mg per cent 

2 Increased in 

Early nephnas (2 — 4 mg ) 

Severe nephnas (4 — 35 mg ) 

Unnary obstruction 
Intestinal obstruction 

3 Decreased m 
Amyotonia congenita 
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V0L Urine Creatinine and Creatine. 

A. Principle : The creatine in the urine is con- 
vened to creatinine by boiling with hydro- 
chloric acid and granulated lead The total 
creatinine in die boiled specimen minus the 
creatinine in the untreated unne gives the 
creatine value 

B. Creatine Tolerance Teat. 

1 During the 3 days of the test, the patient is 
kept m bed, placed on a creatine free diet 
(no meat, fisn, fowl, milk, cheese, soups, 
cocoa, or chocolate), and given ISOO cc. of 
fluid each 24 hours 

2. Each 24 hour urine specimen is collected in 
a borde containing 10 cc of toluene and 
kept m the refrigerator 

3 One control urine (first 24 hour specimen) 
is collected and then 1 0 gm of creaone is 
given orally in one-half glass of water 

4 Then 24 hour urine specimens are collected 
for 2 days. 

5 Normally most of the ingested creatine is 
changed to creatinine, increasing the output 
of creatinine in the next two 24 hour speci- 
mens 

6 In muscular d}$trophy the creaane is not 
changed to creatinine as rapidly as in a nor- 
mal person, therefore, there is a greater in- 
crease of creatine in the next two 24 hour 
unne specimens than in normal individuals 

C Colorimetric Method. 

1. Mix the 24 hour urine specimen and measure 
the volume 

2 Total Creatinine 

a. Transfer 1 cc and 2 cc of unne to 
medium sized pyrex test tubes 
b Add 2 cc of approximately normal HO 
(10%) and a very small amount of gran- 
ulated lead to each 

c Boil and evaporate the contents of the 
tubes ro 0 5 cc volume over an open 
flame 

d Add 2 cc of hot water and allow to 
stand for a few minutes 
e Transfer each quantitatively to 100 cc 
volumetnc flasks through a small cotton 
plug m a small funnel, 
f Wash the tubes with a 2 cc portion of 
hot water and then with 1 cc of hot 
water and transfer all washings to the 
volumetric flasks 

1 Preformed Creatmtne 

a If unne is alkaline acidify a few cc with 
acetic acid until a pH of 6 4 is attained 
using mtraztne paper 

b Place 1 cc. and 2 cc of unne in 100 cc 
volumetnc flasks 


c. Add water to bring the volume of each 
to S cc 

4 Standard — place 1 cc. of the stock creatinine 
standard solution ( 1 cc. = 10 mg ) m a 100 
cc. volumetnc flask 

5 Add 20 cc. of a saturated picric acid solu- 
tion to each of the 5 flasks 

6 Add 2 5 cc of the Rochelle salt reagent to 
each flask 

7 Allow to stand 10 minutes, then dilute to 
volume with water and read the dilution of 
each determination that is the closest match to 
the standard which is set at 20 mm 

8 Calculation 


vol of unne 
vol used 


— mg per 24 hours 


Creatine expressed as creannme = total cre- 
atinine — preformed creatinine 


D. Photoelectric Colorimeter Method. 


1 Mix the 24 hour unne specimen and measure 
the volume 

2 Total Creatinine 

a. Place 2 cc of unne m a medium sized 
pyrex test tube 

b Add 2 cc of approximately normal HQ 
(10%) and a very small amount of gran- 
ulated lead. 

c. Bod and evaporate the contents of the 
tube to approximately 0 5 cc volume 
over an open flame 

d Add 2 cc of hot water and allow to 
stand for a few minutes 
e Transfer quantitatively ro a 100 cc vol- 
umetnc flask through a small cotton plug 
m a small funnel, washing the tube and 
cotton plug thoroughly with hot water 
f Dilute to volume with water and mix 
This makes a 1-50 dilution 
g Make a 1-250 dilution by placing 10 cc. 
of the 1-50 dilution in a 50 cc volu- 
metnc flask, diluting to volume with wa- 
ter and mixing 

3 Preformed Creannme 

a If unne is alkaline, acidify about 10 cc. 
with acetic acid until a pH of 6 4 is at- 
tained with nitrazine paper 
b Place 5 cc of unne in a 100 cc volu- 
metnc flask, dilute to volume with water, 
and mix This makes a 1-20 dilution 
c Make a 1-200 dilution by placing 5 cc 
of the 1-20 dilution m a 50 cc volu 
metnc flask, diluting* to volume with 
water, and mixing 

4 Transfer JO tx of the f 250 dilution for ro 
tal creatinine mro one colorimeter tube 
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5 Transfer 10 cc of the 1-200 dilution for pre- 
formed creannine into another colorimeter 
tube. 

6 Pipette 10 cc. of water into another color- 
imeter tube for the blank. 

7 Place the 3 colorimeter tubes m a 2 5°C 
water bath and allow J minutes for them to 
assume the temperature of the water bath 

8 Blow 5 cc of freshly made alkaline picrate 
solution (see solutions for blood creatinine) 
into each tube while shaking it and let the 
tubes stand m the water bath for exactly 10 
minutes 

9 Set the galvanometer at 100 using the blank 
and filter No 520 and then read the un- 
knowns. 

10 Calculation 

a Tor the 1-200 dilution divide the mg 
per cent of creatinine in the table of 
values for blood by 100 and multiply 
by 20 to obtain the mg of creatinine 
in 1 cc of urine For mg of creatinine 
in the 24 hour specimen, multiply by 
the number of cc in the specimen 
b For the 1-250 dilution multiply by 25 
instead of 20 in the above calculation 
c. Creatine expressed as creatinine = total 
creatinine — preformed creatinine 

1 1 If the creatine and creatinine are hich, add 
5 cc of water to 5 cc of the unne dilu- 
tions in a colorimeter tube and then pro- 
ceed with adding the picrate solution Cor- 
rect the final results for the extra dilution 

12 If the creatine and creatinine are low , lesser 
dilutions must be made from the first dilu- 
tions of 1-20 for preformed creannine and 
1-50 for total creatinine 

E. Solution*. 

1 Rochelle Salt Reagent 

a. Place 5 gm of Rochelle salts (NaKCiH* 
O0 • 4H 2 0) in a 100 cc volumetric flask 
and add about 60 cc of 10% NaOH 
b When the Rochelle salts are dissolved 
dilute to volume with 10% NaOH 

2 Stock Creatmme Standard Solution — same as 
for blood creatinine (p 286) 

F. Interpretation of Urine Creatine and Crea- 
tinine. 

1 Creattne 

a Normal Values 

Men 0 — 50 mg per 24 hours. 

Women 0—100 mg per 24 hours 
b Increased tn 

Muscular disorders such as 
My asthenia grans 
Muscular atrophy 
Psendohyp^rtrophic muscular 


dystrophy 

Amyotonia congenita 
Myotonia atrophica 
Antcnor poliomyelitis 
Congenital muscular hypertrophy 
Amyotrophic lateral sclerosis 
Myostms fibrosa 
Diffuse myostms 
Hepatic carcinoma 
Hyperthyroidism 
Phosphorus poisoning 
Diabetes 
Starvation 
Convulsions 

Carbon monoxide poisoning 
High water intake 
Fevers 
1 Creatmme 

a. Normal Values 0 7—2 0 gm per 24 houis. 
(Range of 25 to 32 mg per kg of body 
weight.) 
b Increased m. 

Diabetes 
Ty phoid fever 
Pneumonia 
Tetany 

c Decreased tn 
Muscular atrophy 
Anemia 

Advanced nephritis 
Leukemia 

3 Creatme Tolerance Test 

a After the ingestion of 1 gm of creatine, 
a normal individual may excrete up to 
300 mg of creatine w 24 hours 
b In muscular dystrophy the excretion is 
greater than 300 mg„ usually about 600 
mg of creatine 


Uplda 

I. Total Scrum Cholesterol (Bloor’s Method) 
A. Principle. The lipoid is extracted fronrseruni 
vv ith a hot alcohol-ether mixture The ex 
tract is evaporated to dryness c ^ 

lesterol is extracted from the residue wiui 
chloroform The J-.iehcm» nn Bnrchatd c° 
o r reaction i s developed with acenc anhy 
dnde and concentrated sulfunc acid an 
either compared in th e colorimet er^^ 1 
that oi a sta ndar d or read in a p hotocRcgj — 
colorimeter 

B General Co aside rat tons 
1 No more than 4 bloods (8 readings) 
be read with one standard in the colonm 


is of error . 

apparatus and pipettes must be a 
ely dry as any moisture will mtc 
:h the color development. 
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b Scorching of the residue while evaporating 
the alcohol-ether filtrate 
c Careless pipetting of the chloroform ex- 
tract, chloroform is difficult to pipette 
because the surface tension is less than 
that of an aqueous solution 
d Careless pipetting of sulfuric acid 
c Tuning of the color development not 
exact. 

f Incorrect temperature of water bath 
g Evaporation of filtrates before pipetting 
C. Colorimetric Method. 

1 Add 1 cc of serum dropwise to approxi 
mately 40 cc of the alcohol ether mixture 
in a glass stoppered 50 cc volumetric flask 
with constant shaking m order to avoid 
clumping of the protein 

2 Heat to boiling m a hot water bath, ro- 
tating the flask while heating to avoid loss 
of solution by boiling over 

3 Cool the solution to room temperature, 
dilute to volume with the alcohol-ether mix 
ture, and mix 

4 Place all of the solution in a fat free filter 


paper and allow ah of it to filter into a 60 
cc glass stoppered bottle Stopper immedi- 
ately and mix. 

5 Place 10 cc of the filtrate in each of two 
50 cc beakers and evaporate just to dry- 
ness over a steam or sand bath 

6 Add 2 cc of chloroform to each beaker 
while it is still warm and allow to stand 
until cooled 

7 Transfer the chloroform extract quanata 
Ovely to a glass stoppered 10 cc* cylinder 

8 Wash the beaker twice with 2 cc portions 
of chloroform and transfer each quanti- 
tatively to the cylinder Make the extract 
up to 6 cc with chloroform 

9 Standard 

a Place 5 cc of the cholesterol standard so- 
lution (S cc *= 0 5 mg ) measured at 
2Q e C in a 10 cc cylinder 
b Make up to 6 cc with chloroform at 


room temperature 

10 Place the unknowns and standard in a_25°C 
water bath and add 2 cc of sc ctic_anhy^ 
jin tie and exactly 0 1 cc. of cone sulfunc _ 
acid to eachj 

U " Stopper and mix by inverting 
112 Allow the color to develop in the dark 


for exactly 25 minutes. 

13 Read in the colorimeter against the standard 
set at 20 mm Dry cups and pnsms com- 
pletely before using them 

14 Calculation 


RS X 0 JX 100 5000 __ 

■ru 02 = ru 




D Photoelectric Colorimeter Method. 

1 Prepare a 1-50 alcohol-ether extract of se- 
rum (steps 1 through 4 in colorimetric 
method) 

2 Place 20 cc of the filtrate in a 100 cc 
beaker and evaporate just to dryness over a 
steam bath 

3 Add 8 cc of chloroform to the beaker 
while it is soil warm and allow to stand 
until cooled 

4 Transfer quantitatively to a glass stoppered 
25 cc volumetric flask 

5 Wash the beaker twice with 8 cc portions 
of chloroform and transfer each quanti- 
tatively to the flask 

6 Dilute to volume with chloroform at room 
temperature stopper, and mix the contents 
by repeatedly inverting the flask. (Do not 
dilute to volume until ready to pipette ah 
quot portions in the next step ) 

7 Place 10 cc of the extract m each of 2 
colorimeter tubes, draining the pipefte 
slowly 

8 Prepare a blank by placing 10 cc of chio 
roform in another colorimeter tube 

9 Place all the tubes m a 25 °G water bath 

10 Add 2 cc of acenc anhydride to each 
tube and mix by whirling the tube 

11 Add exactly 0 1 cc of cone sulfunc add 
slowly to each tube, placing the tip of 
the pipefte just above the surface or the 
solution and allowing the acid to run down 
the side of the tube 

12 Mix by whirling the tube. 

13 Allow the color to develop in the dark for 
exactly 25 minutes 

14 Place the tube containing the blank m the 
colorimeter using filter No 660 Adjust the 
galvanometer to 100, remove the tube, and 
take the galvanometer reading 

15 With the galvanometer set at this reading 
obtain the reading of each unknown The 
duplicates of each unknown must check 

16 The cholesterol value is obtained from the 
table of values. 

17 Calibration of Standard Curve 

a Prepare die following standard sola 
dons by carefully weighing the listed 
amounts of cholesterol, placing the first 
5 in liter volumetric flasks and die last 
4 in 500 cc volumetric flasks 
b Dilute to volume with chloroform at 
20°G 

c. The standards are weighed instead of 
pipetted from a stock solution because 
chloroform is difficult to pipette ac- 
curately 
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mg. in mg. % in 

10 cc scram 

01 62 J 

0.2 125-0 

OJ 187.5 

0 4 210.0 

0J 312.5 

0-6 37 JjO 

0.8 5000 

1J) 6250 

U 7500 

d. Develop the color in 10 cc. portions of 
each standard as described abov e (7 — 15). 

e. Perform a sufficient number of determi- 
nations on each concentration of choles- 
terol so that an average of the readings 
obtained will give a straight line when 
plotted on semiloganthmic graph paper. 

f. Make a table of values for each gal- 
vanometer division. 

E. Solution*. 

1. Alcohol-Ether Mixture — three parts of abso- 
lute ethyl alcohol and 1 part of anhydrous 
ether. 

2 Fat-free filter paper can be made by soaking 
die paper in ether and drying 
3. Chloroform — reagent grade. 

4 Acettc Anhydride — must be pure and color- 
less. 

$. Standard Cholesterol Solution . 

a. Stock standard solution (lee. = 1 mg.) 
!) Place 200 mg. of cholesterol (m. p. 

148°G) in a 200 cc. volumetric flask 
2) Make up to volume at 20°C with 
chloroform. 

b. Dilute standard solution (5 cc. = 0.5 mg.). 

1) Pipette 10 cc. of stock standard so- 
lution into a 100 cc. volumetric flask. 

2) Dilute to volume with chloroform at 
20°C. 

3) Great care should be taken in making 
this standard solution because of the 
difficulty in pipetting chloroform It 
should be checked with another stand- 
ard solution. 

F. Interpretation of Serum Cholesterol Find- 
Ingt. 

1. Normal Values. 

Women* 180 — 260 mg. per cent. 

Men: 150 — 2 JO mg. per cent 
2 Increased hr 

Diabetes mellitus j 
Hypothyroidism ^ 

Nephrosis 

Chronic glomerulonephritis 
Obstructive jaundice / 

Xanthomatosis u 
Cehac disease j 
Lipemia 


mg. of 
cholesterol 


Multiple sclerosis 
Leukemia 
Hemophilia 
Pregnancy 
Eclampsia 
3. Decreased in: 

Anemia 

Hepatic insufficiency 
Infections — acute 
Hyperthyroidism 
Gauchcris disease 
Polycythemia 
Inanition 

Intestinal obstruction 
Epilepsy 


IL Scrum Cholesterol Esters (Bloor and 
Knuilson’s Method). 

A. Principle: A one per cent solution of digi- 
tonin added to the alcohol-ethcr extract of 
serum combines with the free cholesterol to 
form cholesterol-digitonide. The filtrate is 
evaporated to dryness and the residue is 
extracted with petroleum ether. The cho- 
lesterol ester is dissolved by the petroleum 
ether separating it from the insoluble cho- 
lesre/oj-digitonide. The petroleum ether ex- 
tract is evaporated to dryness and the ester 
ts extracted with chloroform and is deter- 
mined in the same manner as the total cho- 
lesterol 


B. General Consideration*. 

1. Same as for total cholesterol. 

2. Scrum should be separated from the cm 
within a few hours; however, the scrum on 
then be kept several days before making die 
determination. 

C. Colorfmelrlc Mel hod. 

1. Prepare an alcohol-ether extract of serum 
using 2 cc of serum in a 100 cc. volumemc 
flask and filter as described under wear 
cholesterol. 

2. Place 10 cc. of the filtrate in each of two 

50 cc. beakers and proceed as desen 
under total cholesterol. . 

3. For the esters place 20 cc. of the filtrate 

a 100 cc. beaker and add I cc. of 1% digi* 
tonin (do in triplicate). 

4 Evaporate just to dryness over a steam 
sand bath. 

5. Add 20 cc. of petroleum ether and 
rate on a sand bath to a volume of a 
10 cc. , 

6 Transfer this quantitatively through a 
free cotton plug in a small funnel in 
50 cc. beaker. , tM 

7. Add 20 cc. of petroleum ether to the vw 
cc. beaker and again evaporare to 
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8. Transfer through the cotton plug into the 
fitst extract. Repeat this process once more. 

9. Evaporate the combined petroleum extracts 
just to dryness. 

10. Add 2 cc. of chloroform to the residue 
in the beaker and continue as in total cho- 
lesterol 

tl. Calculation: 

Rs v v ICO _ 2500 
_ X 0.5 X 

D. Photoelectric Colorimeter Method. 


1. Prepare an alcohol-ether extract of serum 
as described under total cholesterol (color- 
imetric method) using 2 cc. of serum in a 
100 cc. volumetric flask. 

2. Place 20 cc. of the filtrate in each of three 
100 cc. beakers marked A, B, and C. 

3. Proceed with "A” as for total cholesterol. 

4. To “B” and “C” add 1 cc. of I % digitonin. 

5. Evaporate just to dryness over a steam bath. 

6. To each beaker add 20 cc. of petroleum 
ether and evaporate on a sand bath to a 
volume of about 10 cc. 

7. Transfer each quantitatively through fat- 
free cotton plugs in small funnels to 50 cc. 
beakers marked “B” and “C.” 

8. Add 20 cc. of petroleum ether to each of the 
100 cc. beakers and again evaporate to 
about 10 cc. 

9. Transfer each of these washings through 
the same cotton plugs into the 50 cc. beak- 
ers containing the first washing. 

10. Repeat the process of washing and evapo- 
rating the contents of the IDO cc. beakers 
with a third portion of petroleum ether. 

11. Evaporate each of the combined petroleum 
ether washings of “B” and “C” just to dry- 
ness. 

12. Add 8 cc. of chloroform to each and pro- 
ceed as described under total cholesterol 
(photoelectric colorimeter method 3 — 16). 

E. Solution*. 


1. Digitonin — 1%. 

a. Place 1 gm. of digitonin in a 100 cc. vol- 
umetric flask and dissolve in about 50 cc. 
of 45% alcohol by heating in a warm 
water bath. 

b. Dilute to volume with 45% alcohol. 

2. Fat-free Cotton — extract soft cotton 3 rimes 
with petroleum ether. 

F. Interprefat/on of Serum Cholesterol Ester 
Findings. 

1. Normal Values: 70—75% of total cholesterol 

2. Increased in: Lipoid nephrosis, amyloid ne- 
phrosis, chronic glomerulonephritis, and xan- 
thomatosis. 

3. Decreased m: Degenerative liver disease. 


IIL Lipids in Feces (Fowwenther’s Method). 

A. Principle : Total fat includes free fatty adds, 
soaps, and neutral fat fractions. Hydrochlo- 
ric acid is added to a portion of feces to 
convert the soaps to fatty acids. Then the 
total fat is removed in an ether extraction, 
purified by means of petroleum ether, and 
determined gravimetrically. Another por- 
tion of feces is not treated with HO but 
is immediately extracted tvith ether and the 
amount of free fatty acids and neutral fats 
determined gravimetrically. From this pre- 
cipitate the free fatty acids are dissolved in 
benzene and titrated with 0.1 N sodium 
alcoholate. 

B. General Considerations. 

1. The analysis should be made on fresh feces as 
fat decreases on standing even in the frozen 
condition. 

2. Blank determinations should be made to rule 
out any fatty substance in the reagents. 

3. The amount of dty matter — and likewise 
the water content — is extremely variable in 
the normal stool Values should he ex- 
pressed in terms of dry matter to be signifi- 
cant. 

4. Drying alters the chemical composition of 
feces so the lipoids are determined in “wet” 
feces bat reported as per cent of “dry” 
feces. 

C. Method. 

1. Weigh 3 stoppered weighing bottles la- 
beled A, B, ana C on an analytical balance. 

2. Mix the total stool specimen thoroughly in 
a mortar with the aid of a pestie. 

3. Place about 2 or 3 gm. of feces (5 gm. if 
stool is liquid) in each of chd weighed 
bottles and weigh accurately. 

4. Place bortie C on a steam bath or in a dry- 
ing oven (95 to 100°G) until the fecal 
matter is dried to a constant weight; this 
gives the per cent of dry matter present. 

5. With the aid of a stirring rod, transfer the 
contents of bottle A to a 100 cc. glass- 
stoppered cylinder labeled A. 

6. Ore must be taken not to contaminate the 
neck of the cylinder with feces. 

7. Add 3 cc. of cone, hydrochloric add to 
the cylinder and then use small portions of 
water to rinse the contents of the weighing 
bottle into the cylinder, making the con- 
tents up to 30 cc. (Cylinder A for total 
fat.) 

8. Transfer the contents of Bottle B to a 100 
cc. glass-stoppered cylinder labeled B and 
use small portions of water to rinse the 
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d 


me of 13 

cholesterol 10 cc. 

10 01 

20 0-2 

30 0-3 

40 0 4 

JO 0J 

30 0j5 

40 0.8 

JO 1-0 

60 U 


mg % ui 
serum 

62 S 
12Jj0 
187J 
2J0X) 
312J 
37JJ3 
J00.0 
62JjO 
7500 


Develop the color in 10 cc portions of 
each standard as described abov e (7 — 15) 
Perform a sufficient number of determi- 
nations on each concentration of choles- 
terol so that an average of the readings 
obtained will give a straight line when 


dotted on semiloganthmic graph paper 
Make a table of values for each gal 


vanometer division 


E. Solution s. 

1 Alcohol Ether Mixture — three parts of abso- 
lute ethyl alcohol and 1 part of anhydrous 
ether 

2 hat free filter paper can be made by soaking 
the paper in ether and drying 

3 Chlorof orm — reagent grade. 

4 Acetic Anhydride — must be pure and color 
less. 

5 Standard Cholesterol Solution 

a Stock standard solution ( 1 cc = 1 mg ) 

1) Place 200 mg of cholesterol (m. p 
148°C ) m a 200 cc volumetric flask 

2) Make up to volume at 20°C with 
chloroform. 

b Dilute standard solution (5 cc — 0 5 mg ) 

1) Pipette 10 cc of stock standard so- 
lution into a 100 cc volumetric flask 

2) Dilute to volume with chloroform at 
20°C 

3) Great care should be taken in making 
this standard solution because of the 
difficulty in pipetting chloroform It 
should be checked with another stand- 
ard solution 


F Interpretation of Serum Cholesterol Find- 
ings. 

1 Normal Values 

Women 180 — 260 mg per cent. 

Men 150 — 2J0 mg per cent. 

2 Increased tn 
Diabetes melhtus j 
Hypothyroidism ^ 

Nephrosis 

Chronic glomerulonephritis 
Obstructive jaundice , 

Xanthomatosis ^ 

Celiac disease j 
Liptmia 


Multiple sclerosis 

Leukemia 

Hemophilia 

Pregnancy 

Eclampsia 

3 Decreased tn 
Anemia 

Hepatic insufficiency 
Infections — acute 
Hypcrthv roidism 
Gaucher’s disease 
Polycj’themia 
Inanition 

Intestinal obstruction 
Epilepsy 

IL Scrum Cholesterol Eflter* (Bloor and 
Knud eon’s Method), 

A. Principles A one per cent solution of digi 
tonm added to the alcohol ether extract of 
serum combines vv ith the free cholesterol to 
form cholesterol-digitonide. The filtrate is 
evaporated to dryness and the residae ts 
extracted with petroleum ether The cho- 
lesterol ester is dissolved by the petroleum 
ether separating it from the insoluble cho- 
Icsterol-digitomdc The petroleum ether ex 
tract is evaporated to drvness and the ester 
ts extracted with chloroform and is d*ter 
mined m the same manner as the total cho- 
lesterol 

B. General Considerations. 

1 Same as for total cholesterol 

2. Serum should be separated from the 
within a few hours, however, the serum can 
then be kept several days before making the 
determination. 

C. Colorimetric Method. 

1 Prepare an alcohol ether extract of serum 
using 2 cc. of serum m a 100 cc. vohimern 
flask and filter as described under total 
cholesterol 

2 Place JO cc. of the filtrate in each of two 
50 cc. beakers and proceed as described 
under total cholesterol. 

3 For the esters place 20 cc of the filtrate 

a 100 cc. beaker and add 1 cc. of 1% P~ 
tonm (do m triplicate) 

4 Evaporate just to dryness over a steam ° 
sand bath 

5 Add 20 cc of petroleum ether and evapo- 
rate on a sand bath to a volume of a 

10 cc. , 

6 Transfer this qnanntativelv through * a 
free cotton plug in a small funnel in 

50 cc. beaker . in0 

7 Add 20 cc. of petroleum ether to the 
cc. beaker and again evaporate to 1 
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8. Transfer through the cotton plug into the 
first extract. Repeat this process once more. 

9. Evaporate the combined petroleum extracts 
just to dryness. 

10. Add 2 cc. of chloroform to the residue 
in the beaker and continue as in total cho- 
lesterol. 

11. Calculation: 


RS v v loo _ 2500 _ 

RU X 0J X 0A~ RU -m S- % - 


D. Photoelectric Colorimeter Method. 


1. Prepare an alcohol-ether extract of serum 
as described under total cholesterol (color- 
imetric method) using 2 cc. of serum in a 
100 cc. volumetric flask. 


2. Place 20 cc. of the filtrate in each of three 


100 cc. beakers marked A, B, and C. 

3. Proceed with "A" as for total cholesterol 

4. To "B” and “C” add 1 cc. of 1% digitonin. 

5. Evaporate just to dryness over a steam bath. 

6. To each beaker add 20 cc. of petroleum 
ether and evaporate on a sand bath to a 
volume of about 10 cc. 


7. Transfer each quantitatively through fat- 
free cotton plugs in small funnels to 50 cc. 
beakers marked “B” and "C.” 

8. Add 20 cc. of petroleum ether to each of the 
100 cc. beakers and again evaporate to 
about 10 cc. 

9. Transfer each of these washings through 
the same cotton plugs into the 50 cc. beak- 
ers containing the first washing, 

10. Repeat the process of washing and evapo- 
rating the contents of the 100 cc. beakers 
with a third portion of petroleum ether. 

11. Evaporate each of the combined petroleum 
ether washings of “B” and “C” just to dry- 


ness. 

12. Add 8 cc. of chloroform to each and pro- 
ceed as described under total cholesterol 
(photoelectric colorimeter method 3 —16). 

E. Solution*. 

1. Digitonin — 1%. 

a. Place 1 gm. of digitonin in a 100 cc. vol- 
umetric flask and dissolve in about 50 cc. 
of 45% alcohol by heating in a warm 
water bath. 

b. Dilute to volume with 45% alcohol. 

2. Fat-free Cotton — extract soft cotton 3 times 
with petroleum ether. 

F. Interpretation of Serum Cholesterol Ester 
Findings. 

1. Normal Values: 70—75% of total cholesterol. 

2. Increased in: Lipoid nephrosis, amyloid ne- 
phrosis, chronic glomerulonephritis, and xan- 
thomatosis. 

3. Decreased in: Degenerative liver disease. 


III. Lipids in Feces (Fowwealher’e Method). 

A. Principles Total fat includes free fatty adds, 
soaps, and neutral fat fractions. Hydrochlo- 
ric acid is added to a portion of feces to 
convert the soaps to fatty acids. Then the 
total fat is removed in an ether extraction, 
purified by means of petroleum ether, and 
determined gravimecrically. Another por- 
tion of feces is not treated with HQ but 
is immediately extracted with ether and the 
amount of free fatty acids and neutral fats 
determined gravimetrical]^. From this pre- 
cipitate the free fatty acids are dissolved In 
benzene and titrated with 0.1 N sodium 
alcoholate. 

B. General Considerations. 

1. The analysis should be made on fresh feces as 
fat decreases on standing even in the frozen 
condition. 

2. Blank determinations should be made to rule 
out any fatty substance in the reagents. 

3. The amount of dry matter — and likewise 
the water content — is extremely variable in 
the normal stool. Values should be ex- 
pressed in terms of dry matter to be signifi- 
cant. 

4. Drying alters the chemical composition of 
feces so the lipoids are determined in “wet” 
feces but reported as per cent of “dry" 
feces. 

C. Method. 

1. Weigh 3 stoppered weighing bottles la- 
beled A, B, ana C on an analytical balance. 

2. Mix the total stool specimen thoroughly in 
a mortar with the aid of a pestle. 

3. Place about 2 or 3 gm. of feces (J gnu if 
stool is liquid) in each of the' weighed 
bottles and weigh accurately. 

4. Place bottle C on a steam bath or in a diy- 
ing oven (95 to 100°C) until the fecal 
matter is dried to a constant weight; this 
gives the per cent of dry matter present. 

5. With the aid of a stirring rod, transfer the 
contents of bottle A to a 100 cc. glass- 
stoppered cylinder labeled A. 

<5. Care must be taken not to contaminate the 
neck of the cylinder with feces. 

7. Add 3 cc. of cone, hydrochloric add to 
the cylinder and then use small portions of 
water to rinse the contents of the weighing 
bottle into the cylinder, making the con- 
tents up to 30 cc. (Cylinder A for total 
fat.) 

8. Transfer the contents of Bottle B to a J00 
cc. glass-stoppered cylinder labeled B and 
use small portions of water to rinse the 
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contents of the tveighing bottle into the 
cylinder making the contents up to 30 cc. 
(Cylinder B for fatty acids plus neutral 
fat.) 

9. Add 20 cc. of anhydrous ether to each 
cylinder and shake vigorously for 5 min- 
utes. 

10. Let stand a few minutes and then add 17 
cc. of 95% alcohol to Cylinder A and 20 
cc. to Cylinder B. 

U. Mrs the contents of the cylinders by a 
quick rotary morion and cool to room 
temp cram re in running water. 

12. Shake the contents vigorously for 5 min- 
utes and allow to stand until tne ether layer 
separates Separation may be expedited by 
occasional rotation of the cylinder or by 
adding one drop of propylene glycol. 

13. The ether layer is blown off as completely 
as possible into a 200 cc. Erlcnmeyer flask 
in the same manner that water is blown 
from a wash bottle. The submerged end of 
the delivery tube is bent upward, this 
avoids upward currents which would dis- 
turb the subjacent alcohol-ether-fcces layer. 

14. Another 20 cc. of ether is then added, 
the cylinder shaken for 5 minutes, and the 
ether allowed to separate. 

15. Blow off the ether layer into the same flask 
and repeat the ether extraction again 
Wash the stopper and sides of the cylin- 
der with 3 successive 5 cc. portions of 
ether and add each to the previous ether 
extractions. 

17. Evaporate the combined extract and wash- 
ings to dryness. 

18 Add 20 cc. of petroleum ether, warm on 
a water bath, and filter through fat-free 
filter paper into a tall previously weighed 
100 cc. beaker. 

19. Repeat twice using 10 cc. portions of 
petroleum ether 

20. Evaporate the petroleum ether, then dry 
the residue to a constant weight in a 37°C. 
oven, cool to room temperature, and weigh 

21. Weight of residue in beaker containing ex- 
tract of Cylinder A is the total fat (A). 

22. Weight of residue in beaker containing ex- 
tract of Cylinder B is the free fatty acids 
plus neutral fat (B). 

23. Dissolve the residue from Cylinder B in 
about 50 cc. of benzene and heat almost 
to boiling. 

24. Titrate vhile still hot wtih 0.1 N sodium 
alcoholate, using 2 drops of phcnolphtha- 
lein as an indicator. 

25. Titrate until the color no longer deepens. 


D. Calculation: 


1, Dry Matter. 


Dried weight (C) 
Net weight (C) 


X 100 = per cent of dry miner 


2. Total Fat. 

a. Calculate the weight of dry matter of 
specimen A by multiplying the wet 
weight by the per cent of dry matter 
found in specimen C 

b. Calculate gm. of fat per gm. of dry mat- 
ter of specimen A. 

c. To express in per cent multiply by 100 

3. T ree Fatty Acid plus Neutral Fat. 

a. Calculate the weight of dry matter of 
specimen B by multiplying the wet 
weight by the per cent of dry matter 
found in specimen G 

b. Calculate gm. of free fatty acids plus 
neutral fat per gm. of dry matter of 
specimen B. 

c. To express in per cent multiply by 100 

4 Free Fatty Acids 

a One cc. of 0.1 N sodium alcoholare ti- 
trates 28.2 mg of oleic acid or 28 4 mg 
of stearic acid (average 28.3). 

b Number of cc. of 0.1 N sodium alcohobtt 
used in the titration X 28.3 = mg of free 
fatty acid in specimen B. 

c. Calculate gm. of free fatty acids per gm. 
of dry matter of specimen B. 

d. To express in per cent multiply by lw 

5 Soaps as Fatty Acids. . 

(Total fat) — (free fatty acids plus neutral 

fat) = soaps in terms of fatty acids. 

6. Neutral Fat. 

(Free fattv acid plus neutral fat) — (* ne 

fatty acids) = neutral fat. 


E. Solutions. 


1. Sodium Alcoholate — 0 1 N. 

a. Place about 500 cC. of absolute et > 
alcohol (redistilled) in a liter volumetric 
flask. .... 

b Add 2.3 gm. of freshly cut meta^c 
sodium, when dissolved dilute to vol 


with alcohol. , ^ 

c. Titrate Kith 0 1 N HCI using } dr0 P 
of 0 5% alcoholic phmolphthalein as *» 
indicator. 

d. Adjust solution to 0.1 N if nect f*P’ t a 

e. Keep solution in refrigerator and di 
when it becomes colored. 

2. Petroleum Ether— boiling point should 

below 60° G 

3. Benzene (CeH a ). 
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F. Interpretation of Fecal Lipid Findings 

1 Normal Values 

Dry matter 4 6 — 38% 

Toral fat 7 3 — 27 6 gm % 

Free fatty acids 1 05—10 gm % 

Soaps as fatty acids 0 54 — 1 1 4 gm % 
Neutral fat 2 49 — 1 1 8 gm.% 

Neutral fat as per cent of total fat 24 6 — 
601% 

2 Abnormal Values 

a. Celiac disease and obstructive -jaundice — 
increase m total fat, soaps, and free fatty 
acids, neutral fat is normal 
b Pancreatic deficiency — increase in total 
fat, neutral fats, soaps, with normal or 
low fatty acids 

c Nontropical rpn/e— increase in total fat, 
fatty acids, and neutral fats 
d Tropical sprue — increase in total fat and 
fatty acids, and decrease in neutral fat 
e Gastro enteritis — increase in all bpid frac- 
tions. 

Gas Analysis 
I. Acid Base Balance. 

A. Carbon dioxide is constantly formed in the 
body and promptly unites with water to 
form H 2 C0 3 This in turn binds all bases 
not bound by other acids to form bicarbo 
nate, the excess H 2 COa is given off by the 
lungs as C0 2 The bicarbonate formed rep- 
resents the excess base which is left after 
all the nonvolatile acids have been neutral- 
ized and is called the alkaline reserve of the 
body Alkalosis is an increase in the alkali 
resen e which may or may not be associated 
with a nse in blood pH 

B Acids invade the blood in both normal and 
pathologic metabolism and bind some of 
the alkali Normally the kidneys eliminate 
these acids and retain the alkali, in this way 
the kidneys excrete an acid unne (pH 5 to 
7) from an alkaline blood (pH 7 4) Acido 
sts is a condition caused by acid retention 
sufficient either to Ion er the reserve bi- 
carbonate below normal or to shift the pH 
of the blood toward the acid side Diabetic 
acidosis is due to the abnormal formation 
of diacetic and the beta hydroxybuty nc 
acids, acidosis in nephritis is due to the fail 
Ure of the kidneys to eliminate phosphoric 
and sulfuric acids In both cases the avail- 
able alkali is bound by these acids and ex- 
creted, thus reducing the alkaline reserve of 
the body The pH of die blood remains 
normal in acidosis unless the respiratory ap- 
paratus is affected to the extent that the excess 
C0 2 cannot be eliminated 


II. Determination of the pH of the Serum 
(Cullen’s Method). 

A. Principle Certain substances called indicator 
change color when the hydrogen ion con- 
centration as expressed in pH is altered. 
When an indicator is added to a diluted 
sample of serum, the resulting color may be 
determined colonmetncally 

B. General Considerations. 

1 There must be no hemolysis of the blood 

2 The 20 cc. syringe must be nnsed with dis 
tilled water and dried before using 

3 The blood must be collected and centn 
fnged under all possible anaerobic condi 
tions to prevent the loss of C0 2 

a Place enong h mineral oil in a tube so that 
the blood can be expelled into the cube 
under the ml 

b Coat the inside of the 20 cc syringe with 
mineral oil and obtain 10 cc of venous 
blood without the use of a tourniquet 
c. Place the blood in the tube under oil and 
when clotted loosen the clot with a stirring 
rod 

d Close the tube with a one hole rubber 
stopper and then remove the oil remain- 
ing over the blood by inserting a fine 
capillary pipette through the hole in the 
stopper 

c Close the hole in the rubber stopper with 
a glass plug and centrifuge the tube 
f Cover the surface of the serum with oil 
by adding the oil through the hole in 
the stopper 

g The serum is transferred to another test 
tube containing oil and is kept under oil 
until the test is finished 

4 Water, mineral oil phenol red and glass- 
ware should be tested for neutrality 

a Water should give no red color when 
tested with both phenol red and methyl 
red 

b Oil is rested by shaking with water con- 
taining phenol red and methyl red 

5 Determination should be completed within 
30 minutes after blood is centrifuged 

C. Photoelectric Colorimeter Method. 

1 Obtain serum as described under general 
considerations 

2 Pipette 10 cc. of freshly prepared 0 9% 
Nad solution into each of two colorim- 
eter tubes marked 1 and 2 

3 To tube 1 add 1 drop of 0 1% phenol red. 
Adjust the pH to approximately 7 4 (first 
faint pink) by adding a small drop or two 
of 0 02 NNaOH 
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4 Cover saline with a layer of mineral oil 
and place tubes in a 20°C water bath 

5 Fill a 1 cc graduated piperte to the zero 
mark with serum b> introducing the pipette 
through the layer of oil above the scrum 

6 Quickly insert the tip of the pipette 
through the la^er of oil covering the saline-' 
phenol red mixture in tube 1 

7 Add 0 5 cc of scrum to tube I and stir the 
contents of the tube with the tip of the 
pipette before removing it. 

8 Add the remaining 0 S cc of serum to the 
10 cc of saline in tube 2 

9 Read tube 1 after setting the galvanometer 
at 100 using tube 2 as the blank and filter 
No 5 65 

10 Read tube 1 again after setting the galva^ 
TiomcltT at wing tolbt 1 as the WianV 
and filter No 420 

11 Take the temperature of the content of 
tube 1 by immersing a thermometer in it- 

12 Calculation 

_ L value with filter 565 
~ L value with filter 420 
R = ratio 

L — 2— log of the galvmometer reading 
a Obtain the pH for R from the table of 
values for R, interpolate if necessary 
b The true pH of the serum at 38°C i$ 
determined bi applying a correction 
factor 

True t>H •= unci metei pH — It) 42 — (0 01 
Xt)l 

t temperature vf the content of tube I 

D Calculation of R Value* 

1 Prepare M/15 Na 2 HPO< and M/15 KH2PO4 
solutions as described under buffer solutions 
on page 259 

2 Prepare 100 cc of 10 standards having pH 
values ranging from 7 0 to 8 0 as directed 
m Table 79, page 260 

3 Before using for curve, check the pH of each 
standard solution with a pH meter 

4 Place 10 cc portions of these standard solu 
dons in colorimeter tubes, add 1 drop of 
01% phenol red, and read at 20°Q m the 
colorimeter with filters No 565 and 420 
using a blank consisting of one of the buffer 
solutions to set the galvanometer at 100 for 
each filter 

5 Repeat several times until consistent results 
are obtained 

6 Calculate the ‘R” values for each pH 

7 Make a table of values for “R" and the 
pH readings 

8 The following 'R values mth Aai cor . 
responding pH values may be used for an 
Evelyn instrument. 


R 

0417 

0521 

0.651 

0812 

1.010 

1260 


pH R pH 

7 JO 1.550 U 

71 1 910 

7 2 2 J40 7J 

7 1 2.850 79 

7 4 3 450 Bn 

IS 


E Solutions 

1 Phenol Red Indicator (pH range 68—84) 
a Weigh exactly 100 mg of phenol red 

and place in a 100 cc volumetric flask, 
b Add about 50 cc of water and 28 2 cc. 
of 001 N NaOH and dilute to volume 
with water 

c Keep in a dropper bottle which dehters 
25 drops to 1 cc 
d The indicator must be neutral 

1) Test by addme 1 drop of indicator 
to 3 cc of redistilled water 

2) If neutral the water will not turn red 
e Indicator color change is yellow to red 

in acid to alkaline solution. 

2 Sodium Chloride Solution — 0 9% freshly pre 
pared 

3 Mineral Oil — neutral c p 

4 Sodium Hydroxide — 0 02 N 

5 Sodium Hydroxide — 0 01N 


F. Interpretation of Scrum pH Hading* 

1 Normal pH of Serum 7 35—7 45 

2 Decreased in uncompensated acidosis 

3 Increased tn uncompensated alkalosis 


m Carbon Dioxide Combining Power (or 
Capacity) of Scrum (Van Sljke and 
Cullen's Method). 

A. Principle: Serum is saturated with carbon 
dioxide and the latter is liberated from the 
serum in vacuum by adding an acid The 
volume of the liberated gas is measured at 
room temperature and atmospheric pressure 
and is reported under standard conditions. 
2 NaHCOj + H2SO4 -* NijSOi + 2 H»0 + 
2 CO a t 

B Cencral Contidcrallons 

1 Do not use a tourniquet when drawing the 
blood, if it is required to locate the vein, 
release before withdrawing the blood 

2 There must not be any hemoI)Sis of trie 
blood because it will give a lower resut 

3 The carbon dioxide combining power 0 
scrum must be determined within 30 minut 
after the blood is drawn. 

4 If plasma is used, the blood must be draw 
under oil 

5 The patient should avoid muscular exertio 
for at least I hour before the blood is drawn, 
or the talue will be lower than normal- 
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6 Sources of error 

a Apparatus not air tight, 
b Incomplete saturation of serum or plasma 
with C0 2 

c Allowing air to enter the apparatus while 
doing the test. 

C. Method. 

1 Preparation of the C0 2 Apparatus 

a Wash cup and inside of apparatus with 
1% ammonia water colored with phenol- 
phthalem to remove all acid, 
b Then rinse thoroughly with distilled wa- 
ter 3 ames. 

c Expel all the water in the apparatus at 
outlet A (Fig 29, IIIus I) 
d Seal the outlet and cup with mercury 
and check the apparatus in the following 
manner to see that it is airtight, 
e. Close stopcock A and open B so that the 
mercury will fall through bulb B 
f Low er the leveling bulb C unul the mer- 
cury reaches the lower part of bulb A 
g Reverse the stopcock B so that the mer- 
cury will nse through tube B 
h Place leveling bulb C in upper nng (Po- 
sition I) until the mercury rises to stop- 
cock A. 

i Expel any water or air that is present 
through outlet A 

j Repeat the process until there is a me- 
tallic click produced by the mercury hit- 
ting stopcock A, this is evidence that a 
good vacuum has been produced E\acu 
ate the apparatus repeatedly until the 
metallic click is obtained 3 successive 
ames 

2 Saturation of Serum 'With Alveolar Air 

a Place 2 or 3 cc of serum in a 125 cc. 
separatory funnel 

b Ful the funnel with alveolar air by blow- 
ing into the funnel through a bottle of 
glass beads (See Fig 29, IIIus 2 ) 

1) The operator makes as complete an 
expiration as possible after a normal 
inspiration 

2) The funnel is closed with the stopper 
just before expiration is completed so 
that air will not be drawn back into 
the funnel 

c Rotate the funnel for 2 minutes spread- 
ing a film of serum over the bulb of the 
funnel 

d Repeat the expiration and rotating proc- 
ess 

3 Determination of C0 2 

a. Place 0 5 cc of water in the cup 
b Layer below it I cc of serum which has 


been saturated with carbon dioxide, using 
a I cc Mohr pipette not graduated to 
the op or a volumetric pipette (Do not 
draw the serum into the pipette more 
than once unless the serum is resaturated 
with C0 2 and do not use a ' blow-out 
pipette ) 

c Open stopcock B into bulb B, place 
leveling bulb C in the lower nng (Posi- 
tion 2), then open stopcock A allowing 
the serum and part of the water to slowly 
enter tube A 

d Close stopcock A, taking care that no air 
enters the apparatus 

e Wash the cup with 0 J cc of water and 
introduce most of it into tube A 
f Place 2 drops of capry llic alcohol in 
the cup and introduce into tube A 
g Place 0 5 cc of 5% sulfuric acid in the 
cup and introduce into tube A 
h Add 1 cc of water to the cup and let 
sufficient amount into tube A to bnng the 
mercury level to exactly 2 5 cc (the 
highest point of the mercury meniscus) 
i Place mercuiy in the cup and seal the 
stopcock by allowing a few drops of 
mercury to run into the opemng of stop- 
cock A 

j Remove excess fluid from cup and stop- 
per 

k Lower bulb C to position 3 or until the 
mercury’ in bulb A drops to the 50 cc 
mark and then close stopcock B 
1 Remove the apparatus from the rack and 
mix the solutions by inverting the ap- 
paratus 20 ames (Some machines have a 
mechanical shaker attached to them ) 
m Replace the apparatus in the rack and allow 
30 seconds to elapse for fluid to dram from 
the walls 

n. Open stopcock B and allow the fluid to 
flow into bulb B until the meniscus of the 
fluid is approximately at the 50 cc. mark. 
Do not allow any gas to leave bulb A 
o Reverse stopcock B and bang the mer 
cury back into bulb A through tube B 
p Adjust the leveling bulb C so that the 
level of the mercury in it is 1/13 of the 
height of the fluid in tube A above th- 
ieve! of the mercury m tube A (Fig 29 
IIIus 3 ) This is an approximate cor 
recnon for the specific gravity of the 
water column 

q Read off the volume of carbon dioxide 
in tube A 

r Note room temperature and the atmos 
phene pressure 
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s Calculatton 

Correct the volume of carbon dioxide for 
standard atmospheric pressure by multi- 
plying the volume by the pressure cor- 
rection factor obtained from Table 82 
Correct this value for standard tempera- 
ture b) reading it directly from Table 
83, page 298 For milhequivalents dmdc 
volumes per cent by 2 22 


Table 82 Correction Factors for Barometer 
Reading (from Van Sljke and Stadie) 


Barometer 
Read ng 

B 

760 

Barometer 

Reading 

B 

760 

732 

0 

163 

756 

0 90S 

734 

0 

966 

75S 

0 997 

736 

0 

963 

760 

1 000 

738 

0 

971 

762 

1 003 

740 

0 

974 

764 

1 00a 

742 

0 

976 

766 

1 008 

744 

0 

979 

768 

1 011 

746 

0 

98'’ 

770 

1 013 

748 

0 

984 

772 


7S0 

(] 

987 

774 


752 

0 

9S9 

776 


754 

0 

992 

778 

1 021 


D. Interpretation of Blood CO a Capacity. 

1. Normal Values 

a. Adults 53 — 70 volumes per cent or 24 — 32 
milhequivalents. 

b Infants 40 — 55 volumes per cent or 18 — 
25 milhequivalents 

2 Alkalosis 

a Abo\e 70 volumes per cent 

b Due to excessive alkali therap), ox>gen 
therapy, hypcrcorticoadrenalisin, tvphus 
fever pyloric obstruction, congenital in 
testinal alkalosis and emphysema and 
other respiratory conditions 

3 Aadosis 

a. Mild acidosis 53 — 40 volumes per cent. 

b Moderate aadosis 40—30 volumes per 
cent. 

c. Severe acidosis less than 30 volumes per 
cent 

d Found in diabetes, nephritis, severe diar- 
rhea, hemorrhage, eclampsia, renal rickets, 
and many toxic conditions also occurs 
after severe exercise, excessive intake of 
acidifying salts, and anesthesia 


Inorganic Constituents 
L Chlorides (Wilson and Ball’s Method). 

A. Principle The chlorides are preapitated ; 
silver chlonde from serum with silver wtrai 
m the presence of nitric acid The mixta 
is heated to digest the protein The exce 
silver nitrate is determined by ntranon wu 
ammonium thiocyanate using fernc aln 
IFeNH^SO , ), ■ 12H»0] a "f n 


Nad + AgNOs -* Aga i '+ NiNOj 
AgNOs + NH<SCN - AgSCN+ NHAO,. 

3 NILSCV + FeNH< (SO< >a -* Fe (SCN)* + 

2 {NHihSCh 

B. General Considerations. 

1 Do not use a tourniquet when drawing the 
blood, if it is required to locate the van, 
release before withdrawing the blood be 
cause venous stasis decreases serum chlorides. 

2 The chlorides must be determined within 30 
minutes after the blood is drawn. 

3 Generally the scrum chlorides increase as 
the CO 2 combining power decreases and 
vice versa 

4 Continued administration of large amounts 
of sodium bicarbonate will result m an in- 
creased C0 2 combining power and a com- 
pensator} fall in chlorides 

5 Acidifying chlorides (NH4Q, MgCIj, and 
CaCI.) used as diuretics will increase the 
serum chlorides due to the free HO liberated 
b) these salts 

6 Sources of Error 

a Inaccurate pipetting of the silver nitratt 
solution 

b Inaccurate titration with the thiocyanate 
solution. 

7 If bromides are being given, see blood bromide 
determination on page 325 

C. Method. 

1 Do test in duplicate. 

2 Place ! cc. of serum m large pyrex test tube. 

3 Add exact!) 1 cc of standard silver nitrate 
solution (1 cc. O 10 mg NaQ) dropnise 
while shaking the tube 

4 Add 3 cc. cone, nitnc acid and heat over 
a microburner until all the protein is 01 
gested (solution above the AgC3 become* 
clear and light yellow in about IS minutes) 

5 Add 0 3 gm of powdered fernc alum and 
wash down sides of tube with 6 cc. of wattf 

6 Cool to room temperature or lower, the 
colder the solution the sharper die en 
point in the titration 

7 Using a microburette, titrate w ith ammonia* 
thioc)anate solution until the salmon P 101 
color persists with shaking for 15 seconds. 

10 cc NHiSCN solution c= 1 cc. AgNOs sotanonO 
10 mg of chlorides as NaQ 

8 Calculation. _ 

<10 — cc of thiocyanate solution used) X 1°° " 
mg % of chlondes as NaQ 
To express results in terms of milkeqtuvalen° 
of chlonde per liter, calculate as above an 
divide the results by 5 85 



CLINICAL CHEMISTRY 


79 , 


Ill/US. 1 

VOLUMETRIC BLOOD 
GAS APPARATUS 

Position. 1 


Ill-os. 2. 

SATURATION 

APPARATUS 



Position. 3 is 
80 cm. below 
position. Z 


Fee. 29 Apr as Am wom Gas Analysis 
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Tajjlp 83 Calculatiov of Carbon Dioxtdf Combining Pownt of Plasma 
(from Van SI) ke and Cullen) 



L Standard Silver Nitrate Solution 

a Weigh accurately 29 0(51 gm of fused sil- 
ver nitrate (AgNOa), dissolve in water 
in a liter volumetric flask, and make to 
volume v, ith water (1 cc o 10 mg NaQ) 
b Keep m a glass-stoppered brown bottle 
2. Ammonium Thiocyanate Solution 

a. Dissolve 14 gm. of cp ammonium thio- 
cyanate (NH*SCN) in a liter of water 
b Titrate the thiocyanate solution with l cc. 
of the silver nitrate solution in the same 
manner as the serum chlorides are deter- 
mined. 

c Adjust the volume of the thiocyanate solu- 
tion so that 10 cc of it are equivalent to 
1 cc. of the standard silver nitrate solution 
3 rente Alum [FeNH 4 (S0 4 ) 2 • 12H 2 OI must 
be white after being finely powdered, if yel- 
low it can not be used 


Ingi. 

1 Normal Values )80-<530 mg per cent as NaQ 
or 99-108 imlhcquivalents of chloride per liter 

2 Increased in. , 

Hy poprotcinemia ^ . 

Cardiac decompensation*^ / 

Hypervcnulauoji (due to loss of CO 2 ) * 
Nephroses 
Serum sickness./" 

Anemia 

Prostauc and other types of tinnaty obstru * 
tion 

3 Decreased m 
Extensive bums 
Tetany (bicarbonate) 

Excessive vomiting 
Intestinal obstruction 
Diarrhea 

Eclampsia (with vomiting) 
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Heat cramps 

Bichloride of mercury poisoning 

Diabetic acidosis 

Emphysema 

Ether anesthesia 

Uremia 

Lobar pneumonia 
Advanced nephritis 
Excessive perspiration 
Fevers — acute infections 
Addison's disease 
Typhus fever 
Hyp ercorticoad renalism 
Congenital intestinal alkalosis 
Generalized edema 
Anaphylactic shock 

H. Spinal Flui d Ch lorides. 

A. Procedure is the sameas^r serum chlorides 
except 1 cc. of spinal fluid is used in place of 
se rum. " 

B, Interpretation. 

1. See Tabic 26 on page 1 54. 

2. For correct interpretation of spinal fluid chlo- 
rides, blood sho uld be dra wn at the same time 
the spinal fluid is obtained because they vary 
in direct- ratio to each other. 

3. An Increase in total proteins of the spinal fluid 
diminishes the spinal fluid chlorides. 

HI. Urine Chlorides ( V olh ar d-Harvey 
Method). 

A. Principle: Chlorides are precipitated as silver 
chloride from the urine using silver nitrate 
and nitric acid. The nitric acid prevents the 
precipitation of silver phosphate. The excess 
silver nitrate is titrated with ammonium thio- 
cyanate using ferric alum as an indicator. 

B. General Consideration. 

L If the urine is alkaline, acidify with glacial 
acetic acid because silver nitrate will form a 
dark-colored precipitate in alkaline urine. 

2. Protein must be removed by acidifying, heat- 
ing, and filtering because it combines with 
silver nitrate giving inaccurate results for 
chlorides. 

3. Diacetic acid in the urine will give a red 
color with ferric alum before any ammonium 
thiocyanate solution is added. The diacetic 
acid can be removed by acidifying the urine 
and boiling it for a few minutes. 

4. The patient should not be given salicylates 
(aspirin) before collecting the unne because 
the urine will give a red color with ferric 
alum. This may be dispelled by adding a few 
drops of a saturated solution of potassium 
permanganate. 


C. Method. 

1. Place 5 cc. of urine in a 125 cc. Erlenmeyer 
flask and add 15 cc. of water. 

2. Add 5 cc. of standard stiver nitrate solution 
(1 cc. o 10 mg. NaCl) and mix. 

3. Add 0.7 cc. of cone, nitric acid, mix, and 
allow to stand for 10 minutes in the dark. 

4. Add 0.3 gm. of powdered ferric alum and 
2 drops of capryhc alcohol; titrate with am- 
monium thiocyanate solution until a salmon 
pink color is formed which persists with 
shaking for 15 seconds. 

1 cc. NH<SCN solcdon o 1 cc. AgNOa solution o 
10 mg. Nad. 

5. If the end-point is obtained immediately on 
adding the thiocyanate, add another 5 cc. 
of silver nitrate and titrate, changing the 
calculation accordingly. 

6 . Calculation: 

<f— oenrion) X lOmg. *™=^iSa C “°' U “ 

D. Solutions. 

1. Standard Silver Nitrate Solution — see blood 
chlorides. 

2. Ammonium Thiocyanate Solution. - 

a. Dissolve 13 gm. of ammonium thiocyanate 
(NH4SCN) in a liter of water. 

b. Place 10 cc. of the standard silver nitrate 
solution in an Erlenmeyer flask and add 
40 cc. of water and 1.5 cc. of cone, 
nitric add. 

c. Add 1 gm. of powdered ferric alum and 
titrate with the ammonium thiocyanate 
solution until a permanent red-brown 
tinge is produced. 

d. Adjust the volume of thiocyanate solu- 
tion so that 10 cc. are equivalent to 10 cc. 
of the standard silver nitrate solution. 

E. Interpretation of Urine Chloride Findings . 

1. Normal Values: 0.7 — 1 gm. per cent as NaO 
or 10 — 15 gm. in 24 hours. 

a. The amount varies with the chlorides 
ingested. 

b. Fasting and strenuous physical exercise 
decreases the chlorides. 

c. Excessive water intake increases the chlo- 
rides. 

2. Decreased in: 

Severe diarrhea 
Congenital inrestinal alkalosis 
Nephritis with edema 
Diabetes 

Acute infections, especially those with for- 
mation of an exudate. 

Hypertension 

Pneumonia 
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Extensive bums 
Anemia 

Carcinoma of the stomach 

IV. Wilder'* Test for Addison's Disease 
(Cutler, Power, and Wilder). 

A. Principle. After being on a salt-free diet and 
a measured amount of fluid intake for 3 days, 
a patient with Addison’s disease will excrete 
an increased amount of chlorides 

B. Outline of Test. 

1 The patient is kept on a salt-free diet for 
3 dajs with the following fluid intake 

a The first day there is no restriction of 
fluid 

b The second day the fluid intake should 
amount to 40 cc. per kilogram of body 
weight. 

c The third day 20 cc. of fluid per kilo- 
gram of body weight is given before 
11 00 A M 

2 On the third morning (8 to 12 A M ) a 4 
hour specimen of urine is collected 

3 Determine the mg per cent of chlorides « 
NaCl in the unne (see method for urine 
chlorides) 

C. Interpretation. 

1 Normal Value for 4 hour specimen 30 — 250 
mg per cent NaG 

2 Increased in 
Addison’s disease 
Hypopituitarism 

V. Kepler'* Teel for Addison'* Disease 
(Robinson, Power, and Kepler) 

A. Part I 

1 On the day before the test the patient eats 
3 ordinary meals but omits extra salt 

2 No food or fluid should be taken after <S 
o’clock in the evening 

3 At 10 30 P M the patient empties his blad- 
der and the unne is discarded. 

4 Pool all urine voided from 10 30 PM to 
and including 7 30 AJVI , measure the vol- 
ume and save This is the night unne 

5 A specimen is collected at 8 30 A M and 
discarded 

6 Immediately after this give the patient 20 
cc. of water per kilogram of body weight 
(9 cc per lb ) which he dnnks within 
the next 45 minutes 

7 At 9 30, 10 30, 11 30, and 12 30, collect 
unne specimens in separate containers, label 
as to time, and save 

8 The patient should rest in bed except to 
collect specimens. 


9. The volume of the largest specimen b 
measured 

10 If the patient is unable to void at any pe 
nod, then calculate die amount of unne 
excreted per hour 

1 1 Conclusion 

a If the volume of any single hourly spec 
imen voided during the morning a 
greater than the total volume of unne 
voided during die night, the ter b 
negative and the patient does not have 
Addison’s disease, therefore, the test is 
discontinued 

b If the volume of the largest hourl) 
specimen voided in the morning is less 
tnan the volume of the night specimen, 
the test is positive and the patient ma) 
or may not have Addison's disease 
therefore, the test must be continued 
and Part II earned out 

B Parti!. 

1 \VIule the patient is soil fasting, obtain 10 
cc of venous blood and place in a bottle 
containing lithium oxabte 

2 Determine the following 

a Plasma urea N (mg %) 
b Plasma chlorides (mg %) 
c. Unne urea N (mg %) m the night speci 
men 

d Unne chlondes (m g%) m the night 
specimen 

3 Equation 

A Urea N tn unne u C hlonfles in plasmv ^ 

A ~ Urea N in plasma Chlorides in unne 
*VoL day unne (cc.) 

Vol night unne (cc.) 

•Volume of largest 1 hour specimen. 

4 Conclusion 

a. If A is greater than 30, the padent prob- 
ably docs not have Addisons disease 
b If A is less than 25, the patient probabl) 
has Addison’s disease provided that ne- 
phntis has been excluded 
c If A is between 25 and 30, the wt u 
doubtful and the Wilder test should be 
done 


Sodinm (Bnller and TnthilP* Method) 
rlnciplet The sodium is quantitative!) p rc 
pttated with uranyl zinc acetate and E™ 7 * 
etncally determined as uranyl zinc so* 0 
etate, (U0 2 )-ZnNa(CH 3 COO) B ■ 6U-V 


B. General Considerations. 

1 All glassware is washed only with hot water 
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and rinsed with distilled water. It is never 

cleaned with cleaning solution. 

1. Tens filter crucibles, fritted glass, porosity 

No. 4, holding about 35 cc. are used. 

a. After a determination is completed, 
scrape the utanyl zinc sodium acetate 
from the filter into a bottle and keep to 
make the saturated alcoholic solution. 

b. Wash filters with hot water, distilled 

water, then dry with alcohol and ether, 
using suction. . . 

c. Keep filters in a desiccator over calcium 
chloride when not in use. 

d. One hour before weighing I, heat filters 
in an oven (not over 110 C) for 30 
minutes and then replace in the desic- 
cator to come to a constant weight. 

*' a 0I Not placing the glass bead used in the test 
in the filter for the original weighing, 
b The wash solution not being saturated 
' with the triple salt and filtered just before 

c ^'precipitate in the filter not being 
thoroughly dry before weighing. 

C. Method. 


1. Test is done in triplicate. 

2. Pipette l cc. of serum into a duck walled 
Pyrex test tube (200 X-25 

3. Add one glass bead 1 cc. of ♦ N ^ sulfunc 
arid and 0.5 cc. of cone, nitric acid. 

4 Digest as for Total Protein using a very low 
S and watehing carefully to avoid cook- 

5. KEi app-. rZJTw. 

flame and add carefully 1 drop of 30y. 
hydrogen peroxide (supetoxyl) direedy m 
to the solution. , , , 

6. Digest 3 or 4 minutes longer and add an 
other drop of hydrogen peroxide, repMt 
this process until the solution is ctar (<®j_ 
ally takes 3 to 5 drops of hydrogen perox 

7. Continue heating for a few minutes after 

8 “dd°4 to *5 'drops of water, and then 
■ pour' quantitatively into appro»™tely 
cc of freshly filtered uranium zme acetat 
reagent (should be shaken fiaq^P-P c 

ceding use to I ta™ «£» ,n m, 
weighed Jena 8'“ ®" „ f„ m below. 
SS stopped prevents the^uid from going 
,«f^of^etestmhein.O at: 
^fi^S 2 - porous of reagent. 


If there is any sodium left in the test tube, 
it will show as a precipitate. 

10. Stir the solution in the filter until a^ pre- 

cipitate appears and for several minutes 
thereafter. . . 

11. Withdraw the stirring rod, rinsing it with 
3 cc. of reagent as it is withdrawn. 

12. Cover the filter with a watch glass and 
let it stand at room temperature for I hour. 

13. Remove the rubber stopper, place the filter 
in a suction flask, and apply suction. 

14. After the reagent has been filtered off, 
wash the precipitate with five 2 cc. por- 
tions of freshly filtered 95% alcohol satu- 
rated with the triple salt (uranyl zinc sodium 
acetate). Care should be taken to wash down 
the sides of the filter. Delay in the washing 
makes this more difficult. 

15. Finally wash with two 5 cc. portions of 

ether. _ ... 

16. Continue suction until the precipitate is 

thoroughly dry. , 

17. Remove filter from the suction flask ana 

wipe off the outside and bottom of the 
filter with a cloth soaked in ether. 4 

18. Place the filter in the desiccator and weigh 
after 1 hour. 

19. Calculation: 

The precipitate contains 1.495% sodium 

(iHi * ,00 = M9S ) 


100 ~ 
wt -1 pp<- x x ■ cc.oI k SS = mB - % - 

D. Solutions. 

1. Saturated solution of precipitated uranyl zinc 
sodium acetate (obtained from filters) in 
95% alcohol. , . , 

a. About 0.5 gm. per 100 cc. of alcohol. 

b. Filter just before using. 

c The salt is initially prepared as follows: 

1) Place 20 cc. of the uranium zinc 
acetate reagent in a beaker and add 
3 cc. of 0.85% NaCI solution. 

2) Stir until a precipitate is formed 
and filter through Whatman No. 50 
filter paper. 

3) Wash the precipitate (uranyl zinc 
sodium acetate) on the filter paper 
with cold water 4 or 5 times, then 
allow to dry. 

2. Uramitm Zinc Acetate Reagent. 

a. Solution A. _ . , 

1) Weigh a liter Erlenmeyer flask and 
add SO gm. of sodium free uranyl 
acetate (U0 2 (C2H 3 02)2 ’ 2H2O]. _ 

2) Add 48 gm. or 46 cc. of 30% acetic 
add (per cent by volume) and make 
up to 520 gm. with water. 
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b SoJirtion B 

1) Weigh a liter Erlenmejer flask and 
add 220 gm of zinc acetate [ZnfGjHs 
0 3 )- 2H-»Oj 

2) Add 24 gm or 23 cc. of 30% acetic 
acid and make up to 520 gm. with 
«3ter 

c Cover and warm both Solutions (A and 
B) on a steam bath with occasional stir 
ring or shal ing until the chemicals are 
completely dissolved 

d Mu while hot and let stand 24 hours be- 
fore using 

e If no yellow precipitate appears add 0 2 
gm of precipitated uranyl zinc sodium 
acetate m order to saturate with this 
triple salt 

f Shake the mixture several times just be 
fore using and filter to assure saturation 
at the temperature of the analysis 
g Solution keeps indefinitely 
3 Sulfurtc Acid — 4 N 

a Add 112 cc of cone. H-SO* to 600 cc. 

of water in a liter volumetric flask, 
b Cool and dilute to volume with water 
E Interpretation of Scrum Sodium Finding* 

1 Normal Values 32 5 — 350 mg per cent or 
141 — 152 milliequivalents 

2 Decreased in 
Addisons disease 
Myxedema 
Dehydration 
Severe burns 
Sprue 

3 Increased in 
Pyloric obstruction 
Terminal nephnns 
Hypcrcorticoadrcnalism 

VIL Potassium (Wclcbaelbaum, Somogyl, 
nnd Rush’s Method) 

A. Principle Potassium in serum is precipitated 
as potassium silver cobalt nitrite by using a 
slightly modified tungstic acid filtrate from 
which both proteins and chlorides have been 
removed The precipitate is dissolved in di 
lute mtnc acid and die silver ts titrated with 
potassium thiocyanate using feme alum as 
an indicator 

B General Coiulderatlons 

1 There must not be any hemolysis of the 
blood 

2 After withdrawing the blood from the vein, 
it should stand not longer than 20 minutes 
before the serum is separated from the clot 
by centrifugation 

3 The serum can be kept in the refrigerator 


until time to do the test. 

4 Clean all glassw-are with mtnc acid before 
using, rinsing well with water 

5 Sources of Error 

a Correct ratio of silver ion to nitnte is 
important to prevent formation of sihti 
nitrite 

b Sodium cobalt nitnte reagent decomposes 
at temperatures higher tnan 20 5 C 
c. Care should be taken not to break up the 
precipitate while washing 
d The end point is so sha-p that one should 
be able to duplicate the titration with i 
maximum error of 0 01 cc. 


C. Method 

1 Pipette 2 cc of scrum into a pjrex test 
tube containing 12 4 cc of water and mu 
well (If a potassium below 15 mg is ex 
pected, use 3 cc. of serum making a 1 
7 5 dilution or 4 cc making a 1 5 dilution. 
If a high potassium is expected use 1 5 cc. 
or 1 cc of scrum ) 

2 Add 2 cc of 3% sodium tungstate solution 
and mix 


3 Add 2 cc of 5% copper sulfate solution, 



stopper and shake well 

5 Tiltcr through 9 cm filter paper (What 
man No 40), returning first part of filtrate 
if not clear 

6 Set up the following procedure m duplicate, 
a Pipette 5 cc. of the filtrate into a IS cc 

conical tipped centrifuge tube 
b Add 0 5 cc of 0 2 M silver nitrate solo 
don and mix contents with a fine 
rod (If a 1-5 dilution of serum is wed, 
add only 0 45 cc. of silver nitrate solution.) 
c. Place the tubes in an 18 20°C water bath 
d When the tubes assume the temperature 
of the water bath add dropwise warn 
stirring 0 5 cc of a freshly prepare 
12 5% solution of sodium cobalt nitnte 
which has been cooled to 18 20 u 
e. Let stand in the water bath for 10 
20 minutes and then centnfuge at i 


i 

S 

h. 


revolutions per minute. 

Using suction remove the superna 
fluid b> means of a finely drawn g 
tube with the dp curved upward 
When the tubes are not jn the centntug 

or m manmuladon keep in the water ha 

Wash the precipitate 3 times with 5 
portions of water (18 20°C.) 

1) Hold the tube in a slanting pos«°“ 
(25° angle) and rotate while about 
1 cc. of the first portion of water 
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allowed to run drop wise and slowly 
down the side of the tube the rest 
is allowed to ran in rapidly 
2) Centrifuge after each washing and 
remove supernatant fluid as described 
above 

i. Cover the tubes with an foil after the 
last washing and put in the refrigerator 
until ready to ntrate 

j Add 0 5 cc of a 1 — 3 nitric acid solution 
and place in a boiling water bath for 5 
minutes If the precipitate does not go 
into soluaon carefully agitate 

k. Let rubes cool and add 1 drop of 20% 
feme alum solution 

l. Titrate to a faint but permanent pink 
with 0 0025 M potassium thiocyanate so 
lutaon from a microburette 

0 1 mg K =c= 0.276 mg Ag o 1.06 cc. of Oj 0025 M 
KSCN solution. 

m. Calculation 

cc. nsed in ti t ration X 0 1 X 100 __ 

1.06 X 0J “ 

cc. used m titration X 18.87 = mg % 

D Solution* 

1 Sodium Cobalt Nitrite Solution — 12 5% 

a. Place 150 gm of sodium nitrite (NaNOo) 
m a bter Florence flask and dissolve m 
150 cc of hot water 

b Cool to about 40°C and add 50 gm of 
cobalt nitrate crystals [Co(N 03>2 6H,0} 
with vigorous stirring until dissolved 

c. Add 50 cc of 50% acetic acid in ap- 
proximately 2 cc portions with whirling 
after each addition After the addition 
of 25 cc. and after the enure 50 cc have 
been added the flask is stoppered and 
vigorously shaken 

d. The yellow brown precipitate is filtered 
off and discarded. 

e After aeration for 45 minutes with a 
rapid current of air, the filtrate is al 
lowed to stand in the refrigerator over 
night. 

f The supernatant fluid is then passed 
through a dry filter paper and the brown 
precipitate is again discarded 

g To the filtrate add m small portions 
about 200 cc of 95% alcohol with vigor 
ous agitation. 

h. Allow to stand 30 minutes and then filter 
through a Buchner funnel with suction 

i The precipitate is washed with 4 sue 
cessue 25 cc. portions of 95% alcohol 
followed by three washings with pure 
ether 

] Place the precipitate in a desiccator to 
dry 


k Grind in an agate mortar and store in 
a glass stoppered brown bottle 
L The dry salt is stable 

2 Sodium Tungstate Solution — 3% 

3 Copper Sulfate fCuSO* • 5H 2 0) Solution— 
5% 

4 Silver Nitrate Solution (0 2 M) — place 3 4 
gm of silver nitrate (AgNO a ) m a 100 cc 
volumetric flask and make up to volume with 
water 

5 Nitnc Acid (1 — 3)— add 1 volume of mtnc 
acid to 2 volumes of water 

6 Ferric Alton Solution — 20% 

a Place 20 gm of feme ammonium sul 
fate [FeNH, (SO*)* 12H 2 0] in a 100 cc. 
volumetric flask containing about 50 cc 
of water 

b Add 3 cc of mtnc acid and dilute to 
volume with water 

7 Potassnon Thiocyanate Solution 
a. Stock Solution — 0 1 M 

1) Place 9 717 gm, of potassium thio- 
cyanate (KSCN) m a liter volumetric 
flask 

2) Make up to volume with water 
b Dilute Solution — 0 0025 M 

1) Pipette 5 cc of the stock solution into 
a 200 cc volumetric flask and dilute 
to volume with water 

2) Keeps 2 days 

E Interpretation of Serum Potassium Find 
ingt 

1 Normal Values 18 — 21 mg per cent or 4 <5— 
5 6 milliequivalents 

2 Increased m 
Addison s disease 
Pneumonia 
Acute infections 
Uremia 

Acute bronchial asthma 

3 Decreased m 

Hereditary penodic paralysis 
Hypercomcoadrenalxsm 
Overdosage of desoxycamcosterone 
Overdosage of testosterone 
Congenital intestinal alkalosis 
Severe acute diarrhea 
Chronic nephntis 
Hyp ennsu bmsm and diabetes 
Malignant growths 
Sprue and chronic diarrhea 

Vm Caleinm (Clark Collip Modification of 
the Kramer-Tisdall Method) 

A. Prindplet Serum calcium is precipitated di 
rectly as calcium oxalate. The oxalic add 
is then released by sulfunc acid and titrated 
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with a standard solution of potassium per- 
manganate 

G1C2O4 + H2SO4 -♦ CaSOi + H CiOa 
JHGO. + 2 KMaO« + 3 H 3 SOi-*2 M11SO4 + 
K2SO4 + to COj t + 8 HjO 


B General Considerations 

1 The blood should be centrifuged and the 
serum separated from the cells within 30 
minutes after withdrawal from die patient. 
On standing the cells become permeable to 
the calcium lowering the result. 

2 Centrifuge tubes should be cleaned by heat 
mg a few minutes in a concentrated clean 
ing solution 

3 Sources of error 

a All the excess oxalate must be removed 
b) washing with ammonium hjdroxide 
or too high results will be obtained 
b There must not be any precipitate in 
the 4% ammonium oxalate 
c Careless draining of the tubes 
d. Allowing the temperature of the solution 
to drop below 70® C during the titration 

C. Method 

1 Test must be done in duplicate. 

2 Place 2 cc of serum in a pyrex centrifuge 
tube which has an outside diameter of 6-7 
mm. at the 0 1 cc mark 

3 Add 2 cc of water and mix contents of the 
tube by rotating between the hands 

4 Slowly add 1 cc of 4 ’ ammonium oxalate 
solution, shaking while adding and mix as 
above 

5 Stopper and allow to stand overnight or at 
least 3 hours in the refrigerator 

6 Mix again and centrifuge for 15 minutes 

7 Pour off the supernatant fluid carefully, 
keeping the tube inverted, place it m a rack 
with the mouth resting on a piece of filter 
paper Allow to drain J minutes and then 
wipe the mouth of the tube dry with YVhat 
man No 40 filter paper 

8 Add 3 cc of 2% ammonium hydroxide b) 
blow mg in approximately 2 cc. from a fine 
tipped volumetric pipette and washing the 
sides of the tube with the remainder 

9 Mix thoroughly by rotating m the hands 
and then centnfuge. 

10 Repeat procedure outlined in 7, 8 and 9 
and again pour off the supernatant fluid 
and drain as described in 7 

11 Add 2 cc of approximately normal su! 
bine acid by blowing it from a pipette 
directly upon the precipitate so as to break 
up the mat and facilitate solution 

12 Place tube in a boiling water bath for 1 
minute. 


13 Keep tubes in water bath at 70— 75®C 
while titrating with 001 N potassium per 
manganate solution 

14 Titrate from a microburctte to a definite 
pink which persists for at least 1 minute. 

15 Take temperature of water in water bath 
at end of titration to make sure it is not 
below 70°C 

16 Calculation 

1 cc. of 0 01 N KAlnOi * 0 2 mg of ealciom. 

A X 0.2 X ~ — 10A = rog % 


2 


A — number cc. of potassium permanganate «ola 
non used after correcting if solution u not 
0.010 N The correction is made by multiply 
mg the cc. used by the normal ty factor 
Solutions 


Potassium Permanganate Solution — 01 N 
a Dissolv c 3 2 gm. of pure KMnO« in a 
bter of redistilled water in a thorough!) 
clean 2 liter Florence flask, 
b Insert funnel covered with a watch glass 
as a condenser and digest for several 
hours at or near the bomng point 
c. Cool, let stand overnight, and filter with 
gentle suction through a three inch Buch 
ner filter lined with ignited asbestos or 
glass wool 

d Transfer the filtrate to a glass-stoppered 
brown bottle keep in a dark place, and 
do not use until it has stood one month 
to become stabilized 

e It is not necessary to standardize this 
solution to make the 001 N solution. 
Potassium Permanganate Solution — 001 N 
a. Make a 1 10 dilution of the 0 1 N sola 
aon and allow to stand one month to 
become stable before standardizing 
b Standardization 

1) Make a 0 01 N sodium oxalate solo 


2 ) 

3) 


10a 

1) Dry some pure anhydrous sodium 
oxalate (Na 2 G>0 4 ) w an oven at 
100-105®C fer 12 hours 
1) Dissolve exactly 0 67 gm. of tut 
oxalate in redistilled water in a 
bter volumetric flask, add 5 cc- ® 
cone, sulfunc acid, and dilute to 
volume. , , T „ 

Transfer exactly 25 cc of this solo 
ion to a 100 cc Erlenmejer fljsj- 
kdd 1 cc. of cone sulfunc aad, 
o 80°C, and titrate wuth theKMnUi 
olunon until the addition of a % 
Irop gives a pink color "hich p 
ists for 1 minute. The tempo* 

>f the solution should not go 
r 0°G 
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4) Calculate the normality of the KMnO* 
solution by dividing the cc of sodiurn 
oxalate solution by the cc. of per- 
manganate solution used in the titration 
and multiplying the quotient by 0 01 
The factor is obtained by multiplying 
the normality by 100 

5) Chech solution every week 

3 Ammonium Oxalate Solution (4%) — filter 
frequently to remove precipitate 

4 Approximately Normal Sulfuric Acid 

a. Add 28 cc cone sulfunc acid to about 
900 cc of water in a liter volumetric 
flask 

b Cool and dilute to volume with water 
E. Interpretation © f Serum Calcium F Hiding* 
(See Table 85) 

1 Normal Values 

Adults 9 5 — 11 mg per cent or 4 7 — 5 5 
niilliequivalencs 

Children 10 — 11 5 mg per cent or 5 0 — 5 8 
milbeqwvalents 

Infants 10 5 — 12 0 mg per cent or * 2 — 6 0 
milbeqwvalents 

a Serum proteins influence the calcium 
lei el, it is increased in h) perprotememia 
and decreased in h) poproteinemia. 
b In general there is a reciprocal relation 
between calcium and phosphorus, a 
change in one is followed by an opposite 
change in the other 

2 Increased m 
Hyperparathyroidism 
Polycythemia vera 

Hypervitaminosis (excess vitamin D feeding) 
Multiple myeloma 
Carcinoma (metastatic to bone) 
Neurofibromatosis 

3 Decreased tn 
Hypoparathyroidism 
Renal nckets 

Tetany (infantile parathyroid, rachitic, and 
gastric) 

Osteomalacia 
Vitamin D deficiency 
Idiopathic steatorrhea 
Sprue 

Celiac disease 
Sei ere nephritis 
Nephrosis 
Pneumonia 
Pregnancy 

Hemophilia calcipnva 

Acute pancreatic necrosis (between 3rd and 
11th dap) 

IX. Unne Calcium (Wang’iMethod). 

A. Principle; Urine is treated with trichloro- 


acetic acid and charcoal to remove protein 
and chromogemc substances present. Aftei 
clearing by filtration, the calcium is precipi 
tated with ammonium oxalate and adjusted 
to a pH of 5 The calcium oxalate is washed 
and heated to 100°C for one hour to re- 
move the organic solvents Sulfunc acid is 
added to the calcium oxalate and the oxalic 
acid released is titrated with a standard so- 
lution of potassium permanganate 

B. Cenercd Comiderotwm. 

1 Patient should be on a low calcium and 
neutral ash diet (no dairy products) for 3 days 
previous to collecting the specimen 

2 Normally a person should be in i positive 
calcium balance, that is, die calcium ex- 
creted in the unne and feces together should 
be less than the intake 

3 A 24 hour specimen of unne is necessary 

4 Check the charcoal for calcium by running 
a control using disallcd water instead of 
unne If there is any calcium present in the 
control, it must be subtracted from the urine 
calcium 

C. Method. 

1 Mix the 24 hour specimen of unne thor 
oughly and measure the volume 

2 Place 100 cc of the unne in a 250 cc 
Erlenmeyer flask and add 25 cc of 20% 
tnchloroacetic acid 

3 Add 2 gm of aad washed charcoal (Nont 
A, aad washed, Pfanstiehl), stopper, shake, 
and allow to stand for 20 minutes 

4 Filter through Whatman No 40 filter pa 
per 

5 Do the following procedure in triplicate 
plus a control on the charcoal 

6 Place 5 cc of the filtrate in each of three 
15 cc conical centnfuge tubes (Use 10 
cc if the calcium value is expecced to he 
low ) 

7 Add 1 cc of 20% sodium acetate solution 
and 6 8 drops of bromcresol green or 
methyl red 

8 Add l cc of 0 1 M ammonium oxalate 
soJudod directly into the solution and mix 
by stirring with a glass rod 

9 Adjust to a pH of 5 (green if bromcresol 
green is usea, pink if methyl red is used) 
with 10% ammomum hydroxide and 10% 
acetic acid 

10 Remove glass rod and nnse into the tube 
with xiater 

I! Allow the Cubes to stand overnight in the 
refrigerator and then centnfuge for 15 nun 
utes. 
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12 Decant carefully, leaving the tube in an 
inverted position to dram on a pad of filter 
paper for 5 minutes 

13 Wipe the mouth of the tube with a stnp 
of Whatman No 40 filter paper 

14 Wash and break up the dot of calcium 
oxalate by blowing in 3 cc. of 2% ammo- 
mum hydroxide in an alcohol, ether, and 
water mixture 

15 Centrifuge for 15 minutes, decant, and 
drain as above 

16 Repeat the washing and draining process 

17 Place tubes in an oven at 85 100°C. for 1 
hour to remove all organic solvents 

18 Add 2 cc. of approximately 2 N sulfunc 
acid and place m a boiling water bath for 
2 minutes 

19 Titrate with 001 N potassium perman 
ganate solution at 70°C. to a faint pink 
which persists for 1 minute 

20 Calculation. 


1 cc. of 0.01 N KMnO< =c= 0.2 mg of calcium 
. w v cc of unne in 24 hr . , , 

A X 0.2 X ^ “ mg of cald 

urn excreted in 24 hoars 


A = number of cc. of potass urn permanganate 
solution used after correcting tf solution is 
not 0 010 N If the charcoal control tube con 
tains any calc um it must be subtracted from 
the amount obtained m tl e above calculation. 


D Solution* 

1 Trichloroacetic Acid — 20% 

2 Sodium Acetate Solution — 20% 

3 Ammonium Oxalate Solution — 0 I M 

a. Dissolve 1 42 gm. of ammonium oxalate 
KNHOsCsO* • H 2 0] in water in a 100 
cc. volumetric flask 
b Dilute to volume with water 
c Add a crystal of thymol and keep m the 
refrigerator 

4 Ammonium Hydroxide — 10% 

5 Acetic Acid — 107© 

6 Washing Solution — add 20 cc of ammonium 
hydroxide to 980 cc. of a mixture of 1 vol 
time of ether, 1 volume of alcohol, and 1 
volume of water 

7 Sulfuric Acid (Approximately 2 N) 

a. Add 54 cc of cone, sulfunc acid to 900 
cc of water in a liter volumetne flask 
b Cool and dilute to volume with water 

8 Potassium Permanganate Solution — 001 N 
(see blood calcium) 

E. Interpretation of Urine Calcium Finding t 
(See Table 85) 

1 Normal Values 50—300 mg per 24 hour 
specimen. (Range of 0 2 to 4 6 mg per kg ) 


2 Increased tn. 

Hyperparathyroidism 

Hyperthyroidism 

Sprue 

Celiac disease 

Carcinoma (metastatic to bone) 
Hypcrvitaminosis (vit. D therap) ) 

Multiple myeloma 

Osteins deformans (Paget’s disease) 

3 Decreased in. 

Hypoparathyroidism 
Hypothyroidism 
Idiopathic steatorrhea 
Osteomalacia 

Renal rickets 

Rickets 

Nephritis 

X. Calcium in Feces (Wang’s Method). 

A. Principle Feces is dned finely ground and 
digested with nitric perchloric acid mixture 
Calcium is determined on an aliquot porocn 
using the method for unne calcium. 

B General Consideration* 

1 Patient should be on a low calcium and neutral 
ash diet (no dairy products) for 3 days pre- 
vious to collecting the specimen. 

2 Feces formed dunng a definite time interval 
can be marked by giving a 5 gram capsule 
of carmine with the first meal of a metabo- 
lism period and again with the first meal 
after the period Save all specimens begin 
nmg with the first containing carmine until 
the appearance of the second carmine 

C Method. 

1 Place the entire 24 hour fecal specimen in a 
weighed evaporating dish, dry over a steam 
batn for 4 to 6 hours and then in a hot air 
oven (not over 100°G) until completely 
dry (at least 24 hours) 

2 Cool and weigh the evaporating dish with 
the entire specimen 

3 Place about 1 gm of the dried feces in 
a mortar and grind to a fine powder 

4 Weigh accurately (chemical balance) about 
0 5 gm of the powder and place in an 
800 cc pyrex Kjcldahl flask. 

5 Add 20 cc. of nitnc perchloric acid mixture 

6 Heat flask over a microbumer with con 
stant shaking in order to avoid an Cxplo 
non 

7 When white fumes appear and the liquid 
starts to darken, add 10-20 cc. more of the 
acid mixture 

8 Continue digestion until mixture becomes 
colorless or only slightly colored. 
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9 

10 

11 


Cool flask and transfer quantitatively into 
a 500 cc volumetric flask and dilute to 
volume with water 

Pipette 5 cc. into each of 2 conical tipped 
15 cc centrifuge tubes and proceed as for 
urine calcium 
Calculation 

500 

A X 0.2 X — - — nig of calcium in sample used. 


A — number of cc, of potassium permanganate 
nsed after correcting if normality u not 0.010 

Wt. of 24 specimen , . 

calcium ezcxcred in 24 hours 


D Solutions: 

1 Nitric Perchloric Acid Mixture 

a. Place 20 cc. of fuming rutnc acid (sp gr 
I 49) into a 200 cc pyrex Erlenmeyer 
flask. 

b. Add 10 cc of <50% perchloric acid (sp. 
gr 1 615) and 20 cc. of water and mix 

2 Other Solutions — same as under urine cal* 
cram. 


E. Interpretation of Fecal Calcium Findings 
(See Table 85) 

1 Normal Values 0 4 — 0 8 gm. in 24 hours de- 
pending on the calcium intake 

2 An average of 70 (60 — 90) per cent of the 
total calcium excreted from the body is in 
the feces 

3 Increased in 
Hyperthyroidism 
Nephritis 

Idiopathic steatorrhea 

4 Decreased in 
Osteomalacia 


XI Inorganic Phosphorus (Bodanaky’s 
Colorimeter Method) 

A* Principle Serum protein is precipitated by 
trichloroacetic acid Phosphomolybdic acid 
is formed by the interaction of phosphorus 
and acid molybdate. Stannous chlonde is 
used as a reducing agent to produce the blue 
colored mixture (colloidal reduced oxides of 
molybdenum), the intensity of which is pro- 
portional to the quantity of phosphorus pres 
ent. 

B General Considerations 

1 Avoid hemolysis of the blood, because it 
increases the inorganic phosphorus 

2 The serum must be separated from the cells 
as soon as possible after withdrawing the 
blood from the patient and die inorganic 
phosphorus determined without delay 


3 The ingestion of glucose lowers the mor 
game phosphorus so the blood must be taken 
before the patient eats breakfast. 

4 Sources of error 

a. Incorrect addition of reagents 
b Molybdate solution having a j ellow color 
due to incorrect preparation, 
c Presence of phosphorus in the water 
d Plungers ana cups of colorimeter not 
absolutely dean. 

C. Method. 

1 Pipette 9 cc. of 10% trichloroacetic acid 
into a 15 cc test tube and add I cc of 
serum. 

2 Stopper, mix well, and let stand 20 min- 
utes 

3 Filter through 9 cm Whatman No 40 filter 
paper until perfectly clear 

4 Place 6 cc of the filtrate m a large test 
tube 

5 Place 6 cc of the dilute standard phosphate 
solution (6 cc. = 0 02 mg P) in each of 2 
large test tubes. 

6 Add the 2 following reagents consecutively 
to each tube as follows 

a Two cc. of acid molybdate mixture 
(made fresh and checked) and mix con 
tents by tapping tube 
b Blow in 2 cc. of dilute stannous chlo- 
nde reagent (made fresh and checked), 
munng during the addition 

7 The color develops rapidly and comparison 
with the standard in a colonmeter may be 
made immediately or any time within 2 hours. 

8 Check standards against each other before 
making comparison with unknowns 

9 Calculation The value in mg per 100 cc. for 
the mm reading on the colonmeter is found 
in Table 84 under the division corresponding 
to die volume (aliquots) used because mor 
game phosphorus does not obey Beer s Law 

D Solutions Made Daily and Checked 

1 Preparation 

a Actd molybdate mixture 

1) Add quickly, while mixing, I volume 
of 7 5% sodium molybdate solution 
to 1 volume of cold 10 N sulfunc 
acid 

2) The mixture should be free from even 
the slightest tinge of yellow 

b Dilute stannous chlonde solution 

1) Dilute 0 5 cc. of a 60% stannous 
chlonde solution to 200 cc. with wa 
ter 

2) Keep in the refrigerator between anal 
yses if more than one senes of deter 
initiations is to be done during the day 
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Table 64 Inorgahtc Phosphorus CbvreNT m Milligrams per 100 cc. 
Corrected for Detotio'j from Beer’s Law 



2 Check 

3 Place 6 cc of water in one large test 
tube and 6 cc of 10% trichloroacetic 
acid m another 

b Add 2 cc of the acid molybdate mixture 
to each tube and mix 

C Add 2 cc of dilute stannous chloride 
solution to each tube 3nd mix 
d If the reagents are of suitable quality 
and properly prepared the solutions m 
the two test tubes wall be colorless or at 
the most tinged faintly green or blue 

E. Permanent Solution* 

1 Trichloroacetic Acid — 107 

2 Sodium Molybdate Solution —7 5% 

3 Sulfuric Acid — 10 N 

a Add 290 cc of cone sulfunc acid (sp 
gr 1 84} to about 600 cc of water in 
a liter volumetric flask, cool, and dilute 
to volume with water 
b Standardize and dilute if necessary 


c Keep in the refrigerator 
4 Stannous Cklonde Solution — 60% 

a Dissolve 15 gm. of stannous chloride 
(Baker Analyzed) m about IS cc. of 
cone HQ (app 36%) m a 25 cc. volfl 
metnc flask 

b Dilute to volume with cone HQ 
c. Keep in the refrigerator in a gla$s-stop- 

S ercd bottle, 
fake fresh monthly 
J Standard Phosphate Solutions 

a. Stock standard phosphate solution 

1) Dissolve 73 3 mg of dried cp po 
tassium acid phosphate (KILPOj) m 
about 200 cc. of wnter in a 250 cc 
volumetric flask 

2) Add I cc of cone sulfuric acid and 
dilute to volume with water 

3) Add a few drops of chloroform as 
a preservative 

b Dilute standard phosphate solution (6 cc- 
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= 002 mg P) 

1) Pipette 5 cc. of the stock standard 
phosphate solution into a 100 cc volu 
metric flask and dilute to volume with 
water 

2) Preserve with a few drops of chloro- 
form 

F. Interpretation of Blood Inorganic Phos 
phorus Findings (See Table 85) 

1 Normal Values 

a Adults 2 5 — 4 mg per cent 
b Children 4 5 — 5 S mg per cent, 
c Infants 5 5 — 6 5 mg per cent 

2 Increased in 
Nephritis 

Pylo nc obstruction 
After pituitnn administration 
Hypoparathyroidism 
Starvation 

During healing of fractures 
Renal rickets 
Hyperinsuknism 
Hypervitaminosis (esp D) 

Uremia 

3 Decreased m 
Rickets 
Osteomalacia 
Neurofibromatosis 
Idiopathic steatorrhea 
Myxedema 

Hereditary periodic paralysis 

Lobar pneumonia 

Sprue 

Hyperparatln roichsm 

After insulin or adrenalin administration 

During ether chloroform, and ethylene an 

esthesia 

XIJ Inorganic Phosphorus (Gomori’s Photo 
electric Colorimeter Method). 

A Principle Same as Bodansky s method since 
this is a modification of his method 
B General Considerations Same as Bodansky s 
method 
C Method 

1 Place 4 cc of 5% trichloroacetic acid in a 
test tube and add dropwise 1 cc of serum 
while shaking the tube vigorously 

2 Stopper mix well and let stand for 10 nun 

3 Fiber through 7 cm Whatman No 40 filter 

4 Pipette 1 cc of filtrate into a colorimeter 
tube and add 6 cc of water 

5 Place 7 cc. of water m a colorimeter tube 
for the blank 


6 To each tube add 2 cc of acid molybdate 
mixture and mix 

7 Add 1 cc of Elon solution mix, and read 
between 45 and 90 minutes 

8 Set the galvanometer at 100 with the blank 
using filter No 540 and then read the un 
known 

9 Obtain the mg per cent of phosphorus from 
the table of values 

10 Periodically it is advisable to check the 
reagents and technique by setting up a stand 
ard consisting of l cc of dilute working 
standard (I cc = 0 01 mg P ) and 6 cc of 
water at the same time as setting up the 
unknown 

11 Calibration of Standard Curve 

a Make a dilute worlmg standard pftos 
phate solution (1 cc. «= 001 mg P) 
b Pipette the following amounts of the 
dilute working standard solution and 
water into a senes of colonmeter tubes 


cc of dilate 

cc. of 

mg%of 

phosphorus 

working standard 

water 

in serum 

0J 

6J 

25 

10 

60 

SO 

2J3 

fjO 

10X1 

3 0 

40 

130 

4X) 

30 

200 

00 

70 

Blank 


c. Develop the color as described in the 
method 

d Set the galvanometer at 100 with the 
blank using filter No 540 
e Repeat tests several tames using different 
dilute standard solutions and then repeat 
using a new stock standard solution 
f Average the galvanometer readings for 
each concentration and when plotted on 
semiloganthmic graph paper they should 
make a straight line 

g Make a table of values according to mg 
per cent of phosphorus in the blood for 
each galvanometer division 

D Solutions 

1 Trichloroacetic Acid — 5% 

2 Sodium Molybdate Solution — 5% (keeps I 
month) 

3 Sulfuric Acid — 10 N (see solutions under 
Bodansky s method) 

4 Actd Molybdate Mixture (prepare daily) 

2 parts 5% sodium molybdate 

1 part 10 N sulfuric acid 
I part water 

J Sodium Bisulfite Solution — 3% (prepare 
daily) 

6 Eton Solution (prepare daily) 

a Place 1 gm Elon (Eastman Kodak) m a 
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Table 85 Diseases with Disturbed Calcium and Phosphorus Metabolism 


j Serum J 

Urine j 

Feces 

Pathological Condition 

Ca 

P 

Alkaline 

phosphatase 

Ca 

P 

Ca 

Alkalosis with tetany (excessive vomiting 
hyp-rventilation, and bicarbonate 
therapy) 

N* 

N 

N 

N 

N 

1 N 

Carcinoma 
(metastatic to bone) 

N to InC 

N 

A to Inc" 

Inc 

Inc 


Hyperparathyroidism 

Inc. 

Dec 

N to Inc 

Inc 

Inc 

N 

Hypoparathyroidism 

Dee 

Icc 

N 

Dec 

Dec 

1 N 

Hyperthyroidism 

N 

N 

N to Inc 

Inc 

Inc 

Inc 

HyperprotMnemia* • • 

Inc. 

1 N 





Hypoprotememia"* 

Dec. 

N 





Hypemtanunosis 
(vit D therapy) 

Inc 

Inc 

N 

Inc 

Inc 


Idiopathic steatorrhea (tropical and non- 
tropical sprue celiac disease) 

Dec. to N 

Dec to N 

N to Inc 

Dec 

Dec 

Inc 

Multiple mjeloma 

Inc 

N 

N 

N to Inc 

N to Inc 


Neurofibromatosis 

N to Inc 

Dec to N 

N to Inc 




Obstructive jaundice 

N 

N 

Inc 




Osteogenic sarcoma 

N 

N 

N to Inc 

N 

N 


Osteomalacia 

Dec to N 

Dec 

Inc 

Dec 

Dec 

Dec. 

Paget s disease (Osteitis deformans) 

N 

N 

Inc 

N to Inc 

N 


Renal nckets 

Dec toN 

Inc 

Inc 

Dec 

Dec 


Rickets 

N 

Dec to N 

Inc 

Dec 

Dec 


Uremia 

Dec. 

Inc 

N 

Dee 

Dec 

Inc 


N “normal Inc —increased Dec —decreased 

'Ionized calcium decreased "Acid phosphatase also increased in carcinoma ol the prostate 
•"Calcium metabolism normal 


100 cc. volumetric flask, 
b Dissolve m and dilute to ■volume with 

3% sodium bisulfite solution. 

7. Standard Phosphate Solutions 

a. Stock standard solution ( 1 cc. = I mg P) 

1) Place 4 3904 gm of dried c p po- 
tassium acid phosphate (KH 2 P0 4 ) in 
a liter volumetric flask and dissoh e in 
about 700 cc. of water 

2) Dilute to volume with water and add 
a few drops of chloroform as a pre- 
sen anve 

3) Keeps indefinitely 

b Dilute standard solution (1 cc ==01 mg 

p> 

1) Pipette 10 cc. of the stock standard 
solution into a 100 cc. volumetric flask 
and dilute to volume with water. 


2) Add a few drops of chloroform as fl 
preservative. 

c. Dilute marking standard solution (1 cc. 

= 001 mg P) 

1) Pipette 5 cc. of dilute standard solu- 
tion (1 cc =01 mg P) into a 50 
cc. volumetric flask and dilute to vol- 
ume with water 

2) Must be prepared on day to be used. 

E. Interpretation — same as m Bodansky's metb 
od. 

Blood Enzyme* 

I. Alkaline Phosphatase (Bodansky’s 
Colorimeter Method). 

A. principle: The difference between the total 
inorganic phosphorus, after incubation of the 
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serum with a sodium glycerophosphate sub- 
strate, and the serum inorganic phosphorus 
without such incubation is used as a measure 
of phosphatase activity The Bodansky unit 
of phosphatase activity is defined as that 
amount of activity which will liberate 1 mg 
of inorganic phosphorus per 100 cc of se- 
rum from a sodium glycerophosphate sub- 
strate solution (pH 8 6) dunng the first 
hour of incubation at 37°C 

B. General Considerations. 

1 Analysis may be delayed for set eral hours if 
the serum is kept in the refrigerator If a 
longer delay is necessary, add a small drop 
of toluene 

2 After serum has remained in the refrigerator 
for 24 to 48 hours, the phosphatase is about 
10 to 15 % higher than originally At room 
temperature (as in mailed specimens) the re- 
sults are subject to an error of 20% 

3 Sources of error 

a Incorrect temperature of water bath 
which should not vary more than rfcl°C. 
b Incorrect tuning of incubation 
c. Substrate too old or incorrect pH 
d Same errors as for phosphorus determina- 
tion 

C, Method. 

1 Allow substrate (sodium glycerophosphate) 
to come to room temperature, measure 10 cc 
into a test tube (18 or 20 X HO mm ) avoid- 
ing aeration and close tube immediately with 
a rubber stopper 

2 Place in a water bath at 37° C for 5 min- 
utes, add 1 cc of serum with the tip of 
the pipette about 1 cm above the surface 
of the liquid, and again stopper immediately 

3 Tap the test tube to impart rotary motion 
so as to mix the contents and to wash down 
any serum on the side of the rube. 

4 Replace in the water bath for exactly 1 
hour and keep at exactly 37 °C (±1°) be- 
cause this is the temperature at which phos 
phatase liberates inorganic phosphorus from 
the substrate 

5 Remove the test tube from water bath Cool 
immediately in ice water for about 2 minutes 

6 Add 9 cc of 10% trichloroacetic acid, 
mix, and after 20 minutes filter through a 
9 cm Whatman No 40 filter paper (Fil- 
trate A) When a high phosphatase activ- 
ity is expected, a higher dilution may be 
made by the addition of a larger volume of 
10% trichloroacetic acid 

7 Filtrate A = total inorganic phosphorus 
filtrate (serum inorganic phosphorus plus 
inorganic phosphorus liberated from the 


substrate by the serum phosphatase). 

8 Filtrate B = serum inorganic phosphorus 
filtrate This is necessaty so that the serum 
inorganic phosphorus can be subtracted 
from the total inorganic phosphorus to find 
the phosphatase activity of the serum 

a To make filtrate B, pipette 9 cc of 10% 
trichloroacetic acid into a 15 cc test 
tube, add 1 cc of serum, stopper, mix 
well, and let stand 20 minutes 
b Filter m the same manner as Filtrate A 

9 The filtrates may be saved in the refriger- 
ator until analyzed for inorganic phos- 
phorus, analysis performed immediately and 
after several days yield excellent checks 

10 Place 6 cc of the dilute standard phosphate 
solution (6 cc. = 0 02 mg P) in each or tw o 
large test tubes 

11 Place 2, 4, and 6 cc portions of Tiltrate A 
m each of three large test tubes and make 
up to 6 cc with water 

12 Place 6 cc of Filtrate B m a large test tube 

13 Add the 2 following reagents consecutively 
to each tube as follows 

a. Tw'o cc of acid-moly bdate mixture 
(freshly made and checked) and mw 
contents by tapping tube 
b Blow in 2 cc. of dilute stannous chlo- 
ride reagent (freshly made and checked) 
mixing during the addition 

14 The color develops rapidly and compan 
son may' be made immediately or any nine 
within 2 hours 

15 Check standards against each other before 
making comparisons of unknowns 

16 Calculation 

a. The value for the colorimeter reading 
of Filtrate B, “serum inorganic P," in 
mg per 100 cc is found in Table 84 
under the division corresponding to tfie 
volume used 

b The value for the colorimeter reading 
of Filtrate A, “total inorganic P,” in 
mg per 100 cc is found in Table 84 
under the division corresponding to the 
volume used, but is multiplied by 2 be 
cause the dilution was 20 instead of 10 
When dilutions of 30 or 40 are em 
ployed, the value is multiplied by 3 or 
4 respectively 

c. The units of phosphatase activity per 
100 cc equals the value for Filtrate A 
minus the value for Filtrate B 

D. Solutions. 

1 Buffered Substrate 

a Into a 100 cc, volumetric flask introduce 
successively 3 cc of petroleum ether 
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(bp 20 to 40°C), about 80 cc. of dis- 
tilled water, 0 J gm, of sodium beta gl) cer- 
ophosphate [NaC 3 H 5 (OH) 2 P 04 East 
man] 0 424 gm of sodium diethylbar 
biturate (Merck), and water to volume 
(read at interface between substrate and 
petroleum ether) 

b Empty into a 200 cc glass-stoppered 
Pyrex bottle containing about 1 inch of 
petroleum ether 

c. Keeps 2 months in the refrigerator 
d When multiples of 100 cc are made, it 
is advisable to distribute the substrate into 
bottles in 100 cc portions 
e If sodium beta gl} cerophosphate cannot 
be obtained, 0708 gm of sodium alpha 
glycerophosphate ENaQiHsfOHIsPOi 
5H-.0] may be substituted if the prepared 
substrate is allowed to stand 2 weeks ui the 
refrigerator before using 

2 For other solutions — see inorganic phos 
phorus determination page 308 

E Interpretation of Alkaline Phosphatase 
Finding* (See Table 85) 

1 Normal Valuer 

a. Adults 1 J — 4 units 
b Children 5—12 units 

2 High serum phosphatase is a manifestanon 
of processes that cause rapid growth of 
bone in the normal young of new bone 
(repair) and of calcified and decalcified 

J iathologic bone 
ncreased trt 

Diseases of the bone producing increased 
osteoblastic activity , such as osteomalacia, 
osteoblastic sarcoma or metastatic carcinoma 
(breast, lung and prostate) 

Osteitis deformans (Paget s disease) 

Neurofibromatosis 

M) osttis ossificans 

Rickets 

Hyperparathyroidism 
Renal rickets 

Hodgkin s disease with bone involvement 

Boeck s sarcoid 

Multiple myeloma 

Hyperthyroidism 

Obstructive jaundice— 

Infectious hepatitis 
Occlusion of pancreatic duct 
Idiopathic steatorrhea_ " 

4 Decreased tn 
Hypothyroidism 
Scurvy " 

Celiac disease - 
Severe chronic nephritis 
Osteolytic sarcoma 


IL Alkaline Phosphatase (Gomori’s Photo- 
electric Colorimeter Method) 

A Principle Same as in Bodansky’s method. 

B General Consideration* Same as in Bodan 
sky’s method 

C. Method 

1 Allow substrate (sodium glycerophosphate) 
to come to room temperature, measure 10 cc 
into a large test tube avoiding aeration and 
close with a rubber stopper 

2 Place in a 37 °C water bath for 5 minutes 
then add 1 cc. of serum with the tip of the 
pipette about 1 cm above the surface of 
the liquid and again stopper immediatel} 

3 Tap the test tube to impart rotary motion 
so as to mix the contents and to Vi ash down 
any serum on the side of the tube 

4 Return to the water bath for exactly I 
hour and keep at exactl) 37°C 

5 Immediately add 5 cc of 20% trichloro- 
acetic acid and mix. 

6 After 10 minutes filter through Whatman 
No 40 filter paper (Filtrate A) 

7 Determine the total phosphorus in Filtrate 
A by Gomons photoelectric colorimeter 
method for inorganic phosphorus using 2 cc. 
of acid molybdate mixture, 2 cc of filtrate, 
and 5 cc of water in a colorimeter tube 

8 At the same time determine the inorganic 
phosphorus m a Filtrate B made as dc 
scribed in Gomon s photoelectric colorimeter 
method 

9 Obtain the mg per cent of phosphorus for 
the galvanometer reading of filtrate A from 
the table of values made for the phosphorus 
method 

10 To obtain the values for total phosphorus 
multiply by 8/5 because 2 cc. of a 1-1 6 
dilution W3S used 

1 1 Obtain mg per cent of inorganic phosphorus 
for Filtrate B from same table of values 

12 Phosphatase in Bodansk} units per 100 cc 
of serum = total phosphorus (Filtrate A) 
— inorganic phosphorus (Filtrate B) 

D Solution* 

1 Trichloroacetic Acid — 20% 

2 Buffered Substrate — see direction in Bodan 
skys method of alkaline phosphatase 

3 For other solutions see Gomon s photoelectric 
colonmeter method for inorganic phospho- 
rus 

E. Interpretation — see Bodansky’s method for 
alkaline phosphatase 
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HI. Add Phosphatase (Gutman and 
Gutman’s Method). 

A. Principle : The difference between phenol 
produced after incubation of serum with a 
monophenylphosphate substrate and that pro- 
duced without incubation is used as a meas- 
ure of acid phosphatase activity. The King 
and Armstrong unit of alkaline phosphatase 
activity is used and defined for acid phos- 
phatase as that amount of activity which will 
liberate 1 mg. of phenol from the buffered 
monophenylphosphate at pH 4.9 during 1 
hour of incubation at 37°C. 

B. Gp,neraJ Considerations. 

1. The monophenylphosphate substrate must 
have a pH of 4.9. 

2. When 15 minutes incubation still gives high 
readings, the serum must be diluted with 

0.85% NaCl solution and the test repeated 
using controls with the diluted serum. 

3. A blank containing uacer instead of serum 
should be incubated along with the sample 
containing the phosphatase because of the 
instability of the monophenylphosphate in 
an acid medium at 37 °C. 

4 Sources of error. 

a. Incorrect temperature of water bath. 

b. Incorrect timing of incubation. 

c. Incorrect pH or substrate 

C. Colorimetric Method: 

1. Pipette 10 cc. of freshly prepared buffered 
substrate into each of 3 test tubes 

2. Place the tubes in a 37 D C. water bath for 
5 minutes. 

3. Pipette exactly 0.5 cc. of serum into each 
of 2 tubes and 0J cc. of water into the 
other tube (blank), stopper, then mix by 
tapping the tubes, and incubate at 37°C. 
for exactly 3 hours. (If acid phosphatase 
Activity is high, incubate for a shorter 
period.) 

4. Remove tubes from water bath and im- 
mediately add 4 5 cc, of dilute phenol re- 
agent to each. 

5. Mix by inverting and filter. 

6. Control tube. 

a. Pipette 10 cc. of the buffered substrate 
into a test tube and add 0 5 cc. of serum. 

b. Immediately add 4.5 cc. of dilute phenol 
reagent, mix, and filter. 

7. Pipette <5 cc. of each filtrate (3 incubated 
and 1 control) into tesr tubes. 

8. Standard. 

a. Prepare just before ready to use. 

b. Pipette 1 cc. of dilute standard phenol 
solution (1 cc. 0 1 mg.) into a test 
tube. 


c. Add 6 cc. of water and 3 cc. of dilute 
phenol reagent. 

d. Add 2.5 cc. of 20% sodium carbonate 
solution and mix. 

9. To each of the other 4 tubes, add 1.5 cc. 
of 20% sodium carbonate solution and mix. 

10. Place all the tubes in a 37 °C. water bath for 
5 minutes to develop the color. 

11. Remove from water bath and cool to room 
temperature for 20 minutes. 

12. Compare in the colorimeter with the stand* 
ard set at 10. 

13. If the results are abnormally high, repeat 
the tesr decreasing the time of incubatioa 

14. Calculation for serum, blank , and control. 

,^.xo.ix£x " X J2® = 

RU 12.5 6 OS 


J00 __ 
RU 


= mg Sfc of phenoL 


b. Units of phosphatase in 100 cc. of se- 
rum equals (mg. of phenol in incu- 
bated serum ) minus (mg. of phenol 
formed in blank plus mg. of phenol 
in serum control) divided by hours of 
incubation. 


D. Photoelectric Colorimeter Method. 

1. Follow the '•olorimetric method through srep 

6 . 

2. Pipette 5 cc. of each filtrate (3 incubated and 
1 control) into colorimeter tubes and add 5 
cc. of water to each tube. 

3. Add 2.5 cc. of a 20% solution of sodium 
carbonate to all of the tubes, shake well, and 
place in a 37°C. water bath for 5 minutes. 

4. Remove the tubes and allow to stand at room 
temperature for 20 minutes. 

5. Using filter No. 420, set the galvanometer at 
100 with the blank (the rube labeled blank in 
the colorimetric method) and then read the 
unknown and control. 

6. Obtain the mg. per cent of phenol for each 
tube from the table of values. 

7. Units of phosphatase in 100 cc. of serum 
equals (mg. of phenol in incubated scrum) 
minus (mg. of phenol in serum control) 
divided by hours of incubation. 

8. Calibration of Standard Curve. 

a. Prepare the following dilutions from the 
dilute standard phenol solution (1 cc. = 

0 1 mg.). 


cc. of dDnte 
standard phenol 
solnnon 


D3ute with 
water to 
200 cc. 
100 cc. 

50 cc. 

50 cc. 


Dilation 

1-50 

1—20 

1—10 

1—5 


10 
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b Set up 7 colorimeter tubes as follows 


cc of above 
dlutions 

5 of t— JO 
4 of I— 20 
4 of 1—10 

6 of 1-10 
4 of 1 — 5 
J of 1—5 

none 


cc. of 
water 


phenol in 
serum 


c. Add 3 cc of the dilute phenol reagent to 
each tube 

d Add 2 5 cc. of a 20% solution of sodium 
carbonate to each tube, mix well and 

i ilace in a 37°C water bath for 5 minutes 
Remove the tubes and allow to stand at 
room temperature for 20 minutes 
f Using filter No 420, set galvanometer at 
1 00 with tube 7 and read the other tubes 
g Repeat several times with the same dilu 
tions and then repeat using a new dilute 
standard phenol solution 
h Average the galvanometer readings for 
each tube and plot the results on semi 
logarithmic paper A line drawn through 
the points should be a straight line 
V i. Prepare a table of values for the mg per 
cent of phenol for each division on the 
galvanometer 

E Solution/ 

1 Buffered Substrate (pH 4 9) 
a. Solution A 

f 1) Dissolve 1 09 gm of disodiumphcnyl 
phosphate (NazCeHjPO*) in 500 cc. 
of water 

2) This is 0 005 M mo nophenol phosphate 

3) Keeps 2 months in the refrigerator 
b Solution B 

1) Dissolve 42 gm crystalline citnc acid 
in about 500 cc of water in a liter 
volumetric flask 

2) Add 376 cc of I N NaOH and make 
up to volume with water 

3) Adjust pH to 4 9 with NaOH or 
HC1 as needed testing with a pH 
meter Keep m the refrigerator 
c Buffered substrate (made day of test) 

1) Mix equal parts of Solutions A and B 
as needed 

2) Allow to come to room temperature 
before pipetting for test. 

2 Phenol Reagent of Fohn and Ciocalteu 
a. Place 100 gm of sodium tungstate 
(NajWOi 2H s O) and 25 gm. sodium 
molybdate (Na 2 MoO* 2H z O) together 
with 700 cc of water into a 2 Lter Flor 
ence flask 


b Add 50 cc of 85% phosphoric acid and 
100 cc of cone HCf 

c Connect with a reflux condenser by 
means of a cork or rubber stopper 
wrapped m tm foil and boil gently for 
10 hours 

d At the end of the boiling period add 
150 gm of lithium sulfate, 50 cc of 
water and a few drops of liquid bromine 
e Bod the mixture without the condenser 
for about 15 minutes to remove the ex 
cess bromine 

f Cool dilute to 1 liter with water, and 
filter 

g The finished reagent should have no 
greenish color 

h Keep in a well stoppered brown bottle 
and dilute 1 part of reagent wnth 2 parts 
of water before using 

3 Sodium Carbonate Solution — 20% 

4 Stock Standard Phenol Solution 

a Weigh 1 gm of crystalline phenol and 
place in a liter volumetric flask 
b Dissolve in about 700 cc of 0 1 N HQ 
and dilute to volume with 0 1 N HQ 
c. Solution keeps indefinitely 
d Standardization 

1) Transfer 25 cc of this solution to a 
250 cc. flask, add 50 cc of a 0 1 N 
NaOH solution, and heat to 65°C 

2) Add 25 cc of a 0 1 N iodine solu 
non, stopper flask, and let stand at 
room temperature for 30 to 40 mm 
utes 

3) Add 5 cc cone. HQ and ntrate the 
excess of iodine with 01 N sodium 
thiosulfate solution 

4) When the iodine color has faded to 
a pale jellow, add 1 cc of 1% solu 
bit sraich and titrate until the blue 
color of the starch iodine compound 
has entirely disappeared 

5) Each cc of 0 1 N iodine solution used 
up (25 cc. — cc. of thiosulfate used) 
corresponds to 1 567 mg of phcnoL 

6) For directions to prepare 0 1 N so- 
dium thiosulfate solution and 0 1 N 
iodine solution, see Section on Solu 
nons page 358 

5 Dilute Standard Phenol Solution (1 cc =01 
mg) 

a. On the basis of the standardization, dilute 
the stock standard phenol solution so that 
100 cc. contains 10 mg of phenol 
b This dilute solution remains stable for at 
least 3 months in the refrigerator 
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P. Interpretation of Acid Phosphatase Find- 
ing*. 

1 Normal Values Less than 3 King and 
Armstrong units. 

2 Increased in 

Carcinoma of prostate with metastases and 

extensive local extension 

Osteins deformans (Paget’s disease) 

Acute myelocytic leukemia 
Hyperparathyroidism 

IV. Serum Lipase (Cherry and Crandall’s 
Method). 

A. Principle* The degree of lipase activity is 
indicated by the amount of fattj acid lib- 
erated from a substrate of olive oil emulsion 
at a pH of 7 It is reported in terms of cc. 
of 0 05 N NaOH necessary to titrate the 
acid liberated by 1 cc. of serum 

B. General Consideration*. 

1 The olive oil emulsion must not be rancid 
and must be in very fine droplets tvhen 
viewed with the high power of the micro- 
scope 

2 Scrum lipase remains high for a longer period 
of tune after an acute attack of pancreatitis 
than does serum or plasma amj lase 

3 Lipase activity must be determined within a 
short time after the blood is drawn. 

4 Sources of error 

a. Substrate too old, not sufficiently emulsi 
fied, or incorrect pH 
b Incorrect temperature of water bath 
c. Incorrect timing of incubation 

C. Method. 

1 Place 1 cc of serum in each of 4 test tubes 
and label 1 to 4 

2 Tubes 1 and 2 (Blanks) 

a Add 3 cc of water to each and heat 
in a water bath at 90° C. for 5 minutes 
to destroy the enzyme 
b Add 0 5 cc of phosphate buffer and 
2 cc of substrate to each 

3 Tubes 3 and 4 — add 2 cc of substrate, 3 
cc of water, and 0 5 cc. of phosphate buf- 
fer to each 

4 Mix contents of all tubes thoroughly 

5 Incubate at 38°C. for 24 hours or at 70°C 
for one half hour 

6 Add 3 cc. of 95% alcohol and 3 drops of 
phenolphthalem to tubes 3 and 4, titrate with 
0 05 N NaOH to a permanent pink 

7 Repeat same with tubes 1 and 2 

8 Subtract the average of the cc of NaOH 
used to neutralize rubes I and 2 from the 
average amount used to neutralize tubes 3 
and 4 The difference is the cc. of 005 N 


NaOH necessary to neutralize the fatty acid 
liberated by the lipase in 1 cc. of serum 
D Solution* 

1 Substrate 

a Place 5 gm of acacia in a mortar and 
gradually add 20 cc of olive oil (cp 
and free of fatty acid) while mixing with 
a pestle (Becomes milky white and rath- 
er thick.) 

b Add 10 cc of water all at once and then 
mix vigorously and quickly with the 
pestle 

c Add alternately and gradually 30 cc of 
olive oil and 35 cc. of water, mixing 
during the addioon. 

d Mix m an electric mixer until homogene- 
ous (10 to 15 minutes) 
c Keeps for several weeks in the refnger 
ator 

2 Phosphate Suffer Solution, pH 7 — see Table 
79 on page 2 60 

3 Sodium Hydroxide (005 N) — dilute 5 cc 
of 2 5 N NaOH in a 250 cc volumetric 
flask to volume with water, standardize, and 
adjust to exactly 005 N 

E. Interpretation of Blood Lipase Finding* 

1 Normal Values 0 0 — 0 3 cc of 0 05 N NaOH 

2 Increased tn 
Acute pancreatitis 
Carcinoma of pancreas 
Intestinal obstruction 

Chrome hepatic disease if pancreas is in- 
volved 

V. Amylase (SomogyVe Method). 

A. Principle The amylase or diastase activity is 
determined on blood plasma or serum by de- 
termining the reducing sugars formed by 
the action of plasma or serum on starch at 
a pH of 7 2 One mg per cent of reducing 
sugars equals I unit ot amylase. 

B General Coiuideraftoru 

1 Blood should be drawn at the height of the 
attack of acute pancreatitis. 

2 Amylase activity must be determined v, ithin 
a short tune after the blood is drawn. 

3 Values above 400 units require dilution of 
scrum or plasma with 0 5 % NaCl solution 
before incubation. 

4 Sources of error 

a. Incorrect temperature of water bath, 
b Incorrect timing of incubation 
c. Same errors as in blood sugar determma 
non 
C. Method 

1 Pipette 5 cc of starch paste and 2 cc. of 
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acid sodium chloride solution into each of 
2 test tubes and place m a 40°C. water 
bath. 

2 When contents of test tubes have reached 
40°C add 1 cc. of plasma or scrum to 1 
tube and 1 cc of water to the other which 
is a blank to test for reducing substances in 
the starch paste. 

3 Mix by tapping the side of the tubes and 
incubate for exactly 30 minutes at 40 S C. 

4 Immediately add 1 cc of copper sulfate 
solution to* each tube mix and add 1 cc 
of 6% sodium tungstate solution to each 
Stopper and mix by shaking (the copper 
sulfate does not fully stop the action of 
amylase) 

5 The plasma or serum glucose »s determined 
in a separate analysis by mixing the follow 
ing 1 cc of plasma or serum, 7 cc. of wa- 
ter l cc. of 5% copper sulfate solution, and 
1 cc of 6% sodium tungstate solution. 

6 Filter the 3 samples through Whatman No 
40 filter paper 

7 Determine the copper reducing power of 
each of the three filtrates in the same man 
ncr as in a test for blood sugar 

8 If reducing substances are present in the 
starch solution the test should be repeated 
with a freshly prepared starch paste. 

9 Calculations 

Mg of glucose tiQcn'DJtei plasma nr scrum and 
itarcb) — mg % plasma or aernm glucose = units of 
amylase 

D Solution* 

1 Starch Paste 

a. Wash U.SP cornstarch or pure nee 
starch as follows 

1) Suspend 100 gm of starch in 1 liter 
of approximately 001 N HQ in a 
2 liter Erlcnmeyer flask and agitate fre 
quently for 1 hour 

2) After the sediment settles, pour off 
the acid, add 1 liter of approximately 
0 05% NaQ solution and shake thor 
oughly 

3) After sedimentation, decant fluid and 
wash again with NaQ solution 

4) Spread washed starch out on a large 
filter paper and dry in air 

5) Place in a bottle and keep for future 
use 

b Grind 3 gm. of the washed dried starch 
with 10 cc. of water in a mortar 
c Add this suspension to 180 cc of boding 
water with vigorous agitation 
d. Rinse mortar with 10 cc of water and 
add to the solution, making 200 cc 
e Boil 30 seconds to 1 minute with agitation 


and then heat in a boiling water bath 
for 15 to 30 minutes. 

f The mouth of the flask is kept covered 
by an inverted beaker during the heating 
period 

g The solution keeps well for several weeks 
m the refrigerator 

h. Test for reducing substances each tune 
the test is done 

2 Acid Sodium Chloride Solution 

a Place 10 gm. of NaQ in a liter volu 
metric flask 

b Dissolve in about 500 cc of water and 
add 3 cc. of 0 1 N HQ. 
c. Dilute to volume with water 

3 Copper Sulfate Solution — 5% 

4 Sodium Tungstate Solution— 6% 

E Interpretation of Blood Amylase Finding* 

1 Normal Values 80-150 units of amylase (mg 
glucose per cent) 

2 Increased tn 

Acute pancreatitis for the first 72 hoars 
Carcinoma of the head of the pancreas 
Hyperthyroidism 
Mumps 

Renal disease with impaired renal function 

High intestinal obstruction 

Acute splenic trauma 

Duodenal ulcer 

Perforation of gastric ulcer 

3 Decreased tn 
Hepatitis 

Toxemias of pregnancy 
Grrhosis of tne Over 
Abscess of the liver 
Carcinoma of the liver 
Acute alcoholism 

Vitamlna 

I Ascorbic Acid (Farmer and Abt’s Method) 
A, Principle Plasma is promptly deprotemized 
with metaphosphonc acid and centrifuged 
The supernatant fluid is titrated with a stand 
ardized solution of the oxidation reduction 
indicator sodum 2 6-dichlorobenzenonem 
dophenol 

B General Cnnsiilcralionx 
l Test must be run within 30 minutes after the 
blood is obtained from the panent. 

2. Do not separate plasma until starting test 
because the ascorbic acid deteriorates more 
rap dly in plasma than m whole blood. 

3 Sources of error 

a. The supernatant fluid to be titrated not 
absolutely clear 
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C. 

1 


2 

3 


4 


5 

6 

7 

8 


9 

10 


b If too long a tone is taken for the titration, 
too high values will be obtained, 
c Over titration of blank. 

Method. 

Pipette 0 2 cc. of plasma into a 15 cc. com 
cal centnfuge tube and add 0 2 cc. of wa 
ter and 04 cc. of fresh 5% metaphosphonc 
acid solution. 

Mix thoroughly and centnfuge to remove 
the precipitated protein 
Make a fresh 1-20 dilution of the stock dye 
solution with water 

FiU the microburette (Fig 30) b) placing 
the dye solution in a clean test tube which 
is held nearly horizontal when slipped over 
the curved end of the burette Turn the 


11 Titrate the duplicates m depressions 6 and 

12 Subtract the average of the readings of the 
blanks (4 and 6) from the a\ erage of the 
readings of the unknowns (1 and 3) 

13 Calculation. 


D 

1 


cc. of dye (cc. unknown — cc blank) X 


S 

20 * 


-g-gj = mg Vo ascorbic acid. 

S = mg ascorbic acid equivalent to 1 cc. of stock 
dye (see standardization of dye solution be- 
low) 


Solutions. 

Metaphosphonc Acid Solution — 5% 
a. Grind up about one-half inch of a stick 
of metaphosphonc acid (HP0 3 ) m s 



screw to the right until a small drop of 
mercury is expelled into the dye solution 
and then fill the burette to the desired 
point by turning the screw in the reverse 
direction 

Place 0 1 cc of 5% metaphosphonc sad 
and 01 cc of water m depressions 4 and 
6 of the titration tile (see Fig 30) 

Place 0 2 cc of water m depression 2 This 
is used as a color control 
Into depressions 1 and 3, pipette 02 cc. of 
the sample of deprorejmzed plasma 
Read the microburette and titrate the blank 
in depression 4 until the first discernible 
trace of color (faint pink) is obtained after 
mixing with a stirring rod having a fine point. 
Record burette reading 
Titrate the deprotemized plasma in depres- 
sion 1 until the color matches that of the 
blank just titrated and record the burette 
reading 


mortar 

b Weigh out 1 gm of this powder and 
place in a small Erlenmeyer fiask. 
c Add 19 cc of water, shake until dis- 
solved, and filter 

d Can be used the second day if kept in 
the refrigerator 

2 Dilute Dye Solution for Test (1-20 dilu 
tion) 

a Allow stock dye solution to come to room 
temperature, then place 0 5 cc. in a 10 c c. 
graduated glass stoppered cylinder 
b Dilute to 10 cc. with water 
C. A solution having any pink tinge to it 
must be discarded 

d Can be used die second day if kept in 
the refrigerator 

E. Preparation and Standardization of Slock 
Dye Solution. 

1 Stock Dye Solutton. 
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a. Weigh 50 mg of dye (sodium 2, 6- 
dichlorobenzenoneindophenol, Eastman) 
and transfer to a small folded filter paper 
m a funnel. 

b Place funnel in a 50 cc. volumetric flask 
and slowly pour 40 cc of boiling water 
through the filter paper 
c When flask of dy e solution has cooled to 
room temperature, dilute to \ olume with 
water 

d Keeps 1 month m the refrigerator 
2 Standard Ascorbic Acid Solutions 

a. Stock standard solution (1 cc =05 mg ) 

1) Weigh exactly 50 mg of ascorbic 
acid and place in a 100 cc volumetric 
flask 

2) Dilute to volume with a freshly pre- 
pared 2 5 °Jo rnetaphosphone acid solu- 
tion (6 25 gm dilutea to 250 cc with 
water) 

b Dilute standard solution (1 cc = 0 05 

mg) 

1) Pipette 10 cc of the stock standard 
ascorbic acid solution into a 100 cc. 
volume me flask. 

2) Dilute to t olume with the freshly 
prepared 2 5% metaphosphonc acid 
solution 

3 Standardization of the Dye Solution. 

a. Prepare a dilute dye solution (1 10 dilu- 
tion) by pipetting 5 cc of the stock 
dye solution into a 50 cc volumetric 
flask and diluting to volume with water 
b Till a 5 cc burette graduated to 001 
cc with this dilute dye solution, 
c In one test tube place 2 cc. of the dilute 
standard ascorbic acid solution, m an- 
other tube place 2 cc. of 2 5% metaphos- 
phonc acid solution (blank) 
d Titrate each with the dye solution to the 
first farnt pink color 

e The amount of dye used m titrating the 
blank is subtracted from that used m 
titrating the standard ascorbic acid solu 
Don. 

f Example calculation. 

1) 2 27 cc of dilute dye soluaon was 
used in Utrating the dilute standard 
solution. 

2) 0 10 cc of dilute dye solunon was 
used in dtradng the blank. 

3) 2.27 cc — 0 10 cc = 2 17 cc of dilute 
dye solution which is equivalent to 
2 X 0 05 mg of ascorbic acid 

Each cc of stock dye = - 
X 10 = 0 460 mg of ascorbic acid. 


T. Interpretation of Blood Ascorbic Acid 
Findings 

1 Normal Values above 0 6 mg per cent 

2 Decreased in. 

Scurvy 

Vitamin C (ascorbic acid) deficiency 
EL Urine Ascorbic Acid (Funner and Abt’s 
Method). 

A. Principle Same as in the blood ascorbic acid 
method 

B General Considerations 

1 Collect a 24 hour specimen of urine in a half 
gallon bottle containing 25 gm. of metaphos- 
phonc 3Cld 

2 keep bottle stoppered dghtly and in the 
refngerator dunng collecnon period. 

C. Method. 

1 Measure volume of unne 

2 Dilute unne 1-2 or 1-5 with 2 5% metaphos- 
phonc acid according to color of specimen. 
It should be diluted until color is light 
enough that it will not interfere with recog- 
niuon of the pink end point in the dtradon. 

3 Place 2 cc or the properly diluted unne in 
a round bottomed test tube 

4 Using a 5 cc burette, dtrate with a 1-10 
dilution of stock d/e soludon (sodium 2, 6- 
dichlorobcnzenoneindophenol) unnl the first 
light pink color persists for 30 seconds. 

5 A 2 cc blank of 2 5% metaphosphonc acid 
is dtrated to the same end point. 

6 Calculation 

(cc. dye — cc. blink) S 
2 X 10 

X unne dilution X cc. 24 hr onne — mg of 
ascorbic acid per 24 hours. 

S = mg ascorbic tad eqtuvalent to 1 cc. of Rocl 
dye (see randirdizition of dye solution) 

D Solutions 

1 See blood ascorbic acid method. 

2 Dy^e is a 1 10 diludon of the stock soludon- 
E Interpretation of Urine Ascorbic Acid 

Findings 

1 Normal value is around 20 mg per 24 hours 
on a fairly adequate diet. 

2 With diets ncher in ascorbic acid there svill 
be a greater excretion in the unne 

3 Renal threshold is 0 8 — 1 4 mg per 100 cc. of 

f ilasma 

ncreased after ether anesthesia. 

Ill Vitamin A and Carotene in Plaama 
(Kimble*! Method Modified by 
Friedemann and Miller) 

A. Principle Carotene is determined in a pc- 
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troleum ether extract of plasma previously 
treated with alcohol The yellow color is 
determined with a photoelectric colorimeter 
The vitamin A contained in the evaporated 
extract upon the addition of antimony chlo- 
ride produces a blue color which is meas- 
ured with the photoelectric colorimeter 
This blue color is too pale to measure in 
a visual colorimeter 

B. General Considerations. 

[ This method is only applicable to colorim- 
eters which have galvanometers It can not 
be used for instruments using potennometric 
methods to determine the degree of trans 
mission 

2 Glassware which has previously contained 
antimony chloride must be cleaned with hy- 
drochloric acid 

3 Antimony chloride is very corrosive and 
great care should be taken to prevent its 
touching the photoelectric colorimeter or the 
skin 

4 Test tubes used for high speed centrifuging 
should be tested for endurance before using 
in the test. 

5 Chloroform destroys vitamin A, after it is 
added, the test must be completed imme- 
diately 

6 The results are of no clinical value if the 
patient has taken any vitamin A in the pre- 
ceding month, unless the value is below 
normal 

C. Method. 

1 Pipette 5 cc of plasma into a 50 cc cen- 
trifuge tube 

2 Quickly add 5 cc of the alcohol-caprylic 
mixture 

3 Mix and add 15 cc. of petroleum ether 
from a burette 

4 Stopper and shake vigorously for at least 
3 minutes 

5 Centrifuge by turning centrifuge up to 
3500 revolutions per minute ana immedi- 
ately back to zero 

6 Remove the top layer of petroleum ether 
with a capillary pipette and transfer to a 
second 50 cc centrifuge tube 

7 Quickly add 10 cc of 50% alcohol and 
shake 30 seconds 

8 Centrifuge for 5 minutes at 3500 revolu- 
tions per minute 

9 Remove 10 cc of the top layer with a 
volumetric pipette and place m a colonm 
eter tube 


10 Immediately read the color of this tube 
with filter No 440 using 10 cc of petrole 
urn ether to set the galvanometer at 100, 
this gives the carotene value 

11 Evaporate the petroleum ether in the col 
onmeter tube to dryness by blowing nitro 
gen (or air) into the tube This evaporation 
may be speeded up by placing the tube in 
a beaker of hot water and must be com 
plete because any moisture will cause the 
antimony chloride solution to become 
cloudy 

12 Using filter No 620, set the galvanometer at 
100 with a blank consisting of 1 cc of 
chloroform and 9 cc. of 25% antimony 
chloride solution 

13 Add 1 cc of chloroform to the evapo 
rated sample and immediately place the 
tube in the machine, add 9 cc. of 25% 
antimony chloride solution and read at 
once as the resulting blue color is un 
stable 

14 Obtain the I U per cent of carotene and 
vitamin A from the table of values 

15 The I U per cent of vitamin A m the 
carotene present is obtained from a graph 
similar to Fig 31 This amount is sub- 
tracted from the I U per cent of vitamin 
A to obtain the true value for vitamin A 
m the blood 

D Calibration of Standard Curve for Caro 
tene. 

1 Obtain carotene (crystalline) in 100 mg 
ampules from General Biochemical Co , 
Chagrin Falls, Ohio 

2 Stock Standard Carotene Solution (1 cc — 
333 3 International Units (I U ) of carotene) 
a Weigh exactly 50 mg of carotene m a 

weighing flask or small beaker and wash 
into a 250 cc volumetric flask with 25 
cc of chloroform 

b Dilute to volume with petroleum ether 
at 20°C 

3 Make 2 dilute standard carotene solutions, A 
and B 

a For standard A (1 cc — B 33 IU caro- 
tene) pipette 5 cc. of the stock standard 
carotene solution into a 200 cc. vol 
umetric flask and dilute to volume with 
the alcohol caprylic mixture 
b For standard B ( 1 cc. — 1 66 I U caro- 
tene), pipette 10 cc. of standard A into 
a 50 cc volumetric flask and dilute to 
volume with the alcohol-capry he mix 
tore 
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4 Pipette the following into 8 centrifuge 
tubes. 


cc of 
standard 
solution 


cc. of alcohol Equivalent to 

capxyl C I U caro-ene 

mixture m 100 cc. of blood 


1(B) •> 33.2 

2(B) 3 661 

HU) 2 99 J5 

4(B) 1 132.8 

S(B) 0 I <54.0 

2(A) 3 333.2 

3(A) 2 4993 

4(A) 1 6661 


5 Add S cc of water to each and then 15 
cc of petroleum ether and mix. 

6 Continue as described m the method and 
read the carotene with filter No 440, then 
continue the test as for \itamn A and read 
with filter No 620 This will give the 
amount of substance in the carotene which 
will give a blue color in the test for vita 
mm A 

7 Make a sufficient number of determinations 
so that an average of the galvanometer 
readings with filter No 440 will make a 
straight line when plotted on semiloganth 
mic graph paper 

8 labulatc the International Units per cent 
of carotene for each division on the galva 
nometer 

9 Average the galvanometer readings for each 
tube with the 620 filter and obtain the 
equivalent I U % of vitamin A for each 
reading from the vitamin A table of values 

10 Plot on plain graph paper the I U % of 
vitamin A for each tube against the corre 
sponding I U % of carotene, see Fig 31 

11 The amount of vitamin A corresponding 
to the amount of carotene in a plasma dc 
termination must be subtracted from the 
vitamin A of that sample to obtain the true 
vitamin A content of the blood 


E Calibration 0/ Standard Curve for Vila* 
nun A 

1 Obtain vitamin A oil in 1 cc. ampules from 
Distillation Products, Inc., Rochester, N Y 
The vitamin should have an E. coefficient 
of 100 and contain 200 000 International 
Units (I U ) per gram. 

2 Stock Standard Vitamin A Solution 

3 Weigh a 100 cc. volumetric flask on an 
analytical balance 

b Take up as much of the vitamin A as 
possible into a 1 cc. syringe and inject 
carcfullv into the flask. 

c. Rew eigh the flask The difference is the 
w eight of the vitamin A. 

d. Add 25 cc. of absolute alcohol and 2 5 
cc. of 10 N kOH 

e. Incubate in a 50°G water bath for 20 
minutes cool, and dilute to volume at 
20 9 C wnth absolute alcohoL 

f Calculate the I U m each cc. of this 
stock solution according to the weight 
of the vitamin as obtained above, 1 1 , if 
exactly 1 gram was used then 1 cc. =* 
2 000 units. This value will be used for an 
example m making dilutions for the call 
bration curve. 

3 Make a dilute standard vitamin A solution 
(1 cc. = 200 I U ) by pipetting 10 cc. of 
die stock standard solution into a 100 cc. 
volumetric flask and diluting to volume with 
absolute alcohoL 

4 From the ddute standard vitamin A solution 
make standard solutions A and B 

a For standard A (1 cc. == 2 I U) pi 
pette 5 cc. of the ddute standard solu 
non into a 500 cc. volumetric flask and 
dilute to volume with absolute alcohol, 
b For standard B (I cc. = 4 I U ), pi- 
pette 5 cc. of the ddute standard solu 
non into a 250 cc. volumetric flask and 
dilute to volume with absolute alcohoL 



Pipette the follow mg into 8 extraction tubes. 


cc. of cc. of alcohol 

standard eaprybe 

solution mixture 


Equivalent to 
LU of vn. A. 

m 100 cc. of blood 


I (A) 4 40 

2(A) 3 E0 

3(A) 2 120 

4(A) 1 160 

3(A) 0 200 

3(B) 2 240 

4(B) 1 320 

J(B) 0 400 


Fic. 31 E x a m ple of a chart to obtuo the L U per cent 
of vitamin A in carotene which must be subtracted from 
the I. U per cent of vitamin A to obtain the true vitamin 
A value. 


6 Add 5 cc. of water and 15 cc. of petroleum 
ether to each tube and mix. 

7 Continue with method above but do not 
read for carotene. 
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S'. Mate a sufficient number of determinations 
so that an average of the galvanometer 
readings for each tube will make a straight 
line when plotted on semilogarithmic graph 
paper. 

9. Tabulate the International Units per cent 
of vitamin A for each division on the 
galvanometer. 

F. Solutions. 

1. Alcohol-Caprylic Mixture — Add 2.5 cc. of 
caprylic alcohol to 100 cc. of absolute al- 
cohol. 

2. Petroleum Ether having a boiling point of 
63 to 70°C ( 146-1 56°F.). 

3. Antimony Chloride Solution — 25%. 

a. Pulverize 110 gm. of antimony chlonde 
(SbCl 3 ) in a mortar. 

b. Weigh a brown bottle which has been 
marked at 400 cc. 

c. Transfer the antimony chloride to a stiff 
white paper and then to the weighed 
bottle until 100 gm. has been added. 

d. Make up to volume with chloroform 
at room temperature. 

e. Swirl the bottle to aid the solution of the 
antimony chloride. 

f. Do not use until completely in solution; 
this usually requires about 12 hours. 

g. If not clear, filter. 

G. Interpretation of Plasma Carotene and 
Vitamin A Findings. 

1. Carotene. 

a. Normal values: 100—300 I.U. per cent. 

b. increased in: 

Carotenemia 
Severe liver damage 

c. Decreased in: 

Obstructive jaundice 

2. Vitamin A. 

a. Normal values: 100 — 250 I.U. per cent. 

b. Increased in: 

Renal insufficiency 


i. pneumonia) 

Severe liver damage 
Obstructive jaundice 
Infectious hepatitis 
Rheumatic fever 



IV. Lipoclirotnic Index (Connor’s Method). 

A. Principle: Lipochromes are yellow pigments 
containing neutral fat and cholesterol, such 
as carotene, the pigments in butter, etc. They 
are bound to protein and set free by the pre- 
cipitation of the protein with alcohol. The 


c. Decreased trs L. a. 
VitamitrA*denciency 
Severe infections (esp 


lipochromes are then soluble in petroleum 
ether. 


B. General Considerations. 

1. This method is only an approximate quanti- 
tative estimation. 

2. Other blood pigments such as bilirubin, etc., 
are not soluble in petroleum ether. 

C. Method. 


2 . 


3. 

4. 

5. 


Place 6 cc. of serum in a test tube, add 6 
cc. of 95% alcohol, and mix. 

After the mixture coagulates, add 8 cc. of 
petroleum ether, cork immediately, and 
shake vigorously for 1 minute. 

When the precipitate has settled, transfer the 
ether to a colorimeter cup and compare 
with the standard set at 15 mm. 

The standard is a 0 02% aqueous solution of 
potassium dichromate (equivalent to 0.1 mg. 
% of lipochromes). 

Calculation: 


x ai * i = a*. ■ 


D. Interpretation of the Lipochromic Index. 

1. Normal Values: 0 — 0.1 mg. per cent. 

2. Increased in carotenemia and sometimes in 
diabetes. 


V, Pyruvic Acid (Friedernann and Hougcn’i 
Method). 

A. Principle: When a solution of 2, 4-dinitro- 

E henylhydrazine is added to a protein-free 
looa filtrate, the hydrazones of kero adds 
are formed (pyruvic acid is the principal 
keto acid in blood). These are first extract- 
ed with ethyl acetate and then with a sodium 
carbonate solution A red color develops on 
the addition of an alkali and the amount of 
pyruvic acid is determined by means of a 
photoelectric colorimeter. 

B. General Considerations. 

1. All solutions must be pipetted very care- 
fully. 

2. Due to the volatility of the solvent, each de- 
termination must be completed as soon as 
possible. 

3. If many determinations are made, the phenyl- 
hydrazine reagent is added to successive sam- 
ples at definite intervals, i.e., every 30 sec- 
onds. 

4. The results arc of no clinical value if the 
patient has taken any vitamin Bj, in the pre- 
ceding month, unless the pyruvic acid value 
is increased. 

C. Method. . 

1. The patient should not eat for at least 4 
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hours and should rest for 30 minutes before 
the blood is drawn as muscular activity 
affects the pyruvic acid level 

2 Venous hlood is obtained with a minimum 
of stasis The tourniquet is removed im 
mediately after the needle enters the vein. 

3 Patient should not clench and open the 
hand before or during the drawing of the 
blood 

4 Withdraw 2 cc of blood m a cold 2 cc 
tuberculin precision synnge 

5 Eject the blood in a fine stream through the 
needle into 10 cc. of cold 10% trichloro- 
acetic acid in a 15 cc centrifuge tube. 

6 Stopper with a cork, shal e, and then centn 
fuge 

7 Store in the refrigerator until ready for 
anal) sis The filtrates can be stored for 
2 days 

8 Prepare a blank of 2 cc. of water and 10 
cc of 10% trichloroacetic acid this blank 
is earned through the method simultaneously 
with the blood filtrate 

9 Pipette 3 cc. of the cold clear supernatant 
fluid from the centnfuged trichloroacetic 
acid precipitate mto a small test tube (18 by 
150 mm ) and place in a 25®C water bath 
for 10 minutes 

10 Add 1 cc. of phcnylhydrazine reagent, muc, 
and allow to react exactly 5 minutes 

11 Add exactly 8 cc of ethyl acetate and pass 
a rapid stream of nitrogen (or air) through 
the mixture for 2 minutes by means of a 
capillary pipette 

12 Remove most of the lower aqueous layer 
with the capillary pipette, using a rubber 
bulb or suction 

13 Give the test rube a sudden circular motion 
to dislodge the solution adhering to the 
walls and remove the remaining aqueous 
layer 

14 Add exactly 6 cc of 10% sodium carbonate 
solution to the ethyl acetate and again pass 
nitrogen (or air) through the mixture for 2 
minutes 

15 Remove the capillarv pipette and allow the 
ethyl acetate and aqueous solution to sepa- 
rate 

1(5 A 5 cc pipette is inserted quickly through 
the upper layer (ethyl acetate) air is mo- 
mentarily blown through the pipette to 
discharge the aqueous extract and the small 
quantity of ethyl acetate 

17 Draw up the aqueous solution into the pi- 
pette remove the pipette and wipe off the 
tip before adjusting the contents of the 
pipette to the mark. 

18 Place contents into a colorimeter tube, add 


exactly 5 cc of 1 5 N NaOB, and mix 
immediately 

19 Set the galvanometer at 100 with the blank 
using filter No 520 3nd read the unknowns 
5 to 10 minutes after adding the alkali 

20 Obtain the mg per cent of pyruvic acid 
from the table of values. 

D Calibration of Standard Curve 

1 Prepare 2 dilute standard solutions from the 
stock standard pyruvic acid solution (see 
solutions below) each tune a new' calibration 
curve is made. 

a. For standard A, pipette 10 cc of the 
stock standard solution mto a 200 cc. 
volumetric flask and dilute to volume 
with water (1 cc = 0 625 mg) 
b Tor standard B, pipette 10 cc. of standard 
A into a 100 cc volumetric flask and 
dilute to volume with water (1 cc = 
0 0625 mg) 

2 Pipette the following amounts of standard 
solutions A and B mto 100 cc. volumetric 
flasks and dilute to volume with water 


cc. of dilute 

Equivalent to mg 

Standard 

of pyruvic acid m 

solutions 

100 cc. of blood 

2(B) 

0.125 

4(B) 

0.25 

8(B) 

OJ 

2(A) 

US 

4(A) 

2J 

6(A) 

3 75 

8 (A) 

SJ0 

10(A) 

62 5 


3 Place 5 cc of each of the above dilutions 
m large test tubes, add 25 cc. of 10% tri 
chloroacetic acid to each tube, stopper, and 
mix by shaking 

4 Prepare a blank by mixing 2 cc of water 
and 10 cc of 10% trichloroacetic acid in a 
large test tube. 

5 Pipette 3 cc of each mixture mto small 
test tubes and continue as described in the 
method 

6 Make a sufficient number of determinations 
so that an average of the galvanometer read 
inns for each tube will make a straight line 
when plotted on scmiloganthmic graph pa 
per 

7 Make a table of values for mg per cent of 
pyruvic acid for each division on the gal 
vanometer 

E Solutions 

1 Trichloroacetic Actd — 10% 

a Must be prepared frequently and kept in 
the refrigerator 

b Old solutions give increased and variable 
readings with the blanks 
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2. Phenyl hydrazine Reagent. 

a. Grind 100 mg. of 2, 4-dinitrophenyI- 
hydrazine (Eastman No. 1866) in a mor- 
tar with increasing small volumes of ap- 
proximate 2 N HCI until 100 cc. has been 
added to the mortar. 

b. Filter through a small filter paper and 
keep in the refrigerator. 

3. Sodium Carbonate Solution — 10%. 

a. Keep in pyrex bottles. 

b. Filter, if not clear, immediately after prep- 
aration. 

4. Sodium Hydroxide — 1.5 N (keep in pyrex 
bottles). 

5. Purified Ethyl Acetate. 

a. Ethyl acetate (CH3COOC2H5) may be 
listed under the name ethyl ethanoate. 

b. Extract c.p. anhydrous ethyl acetate 3 
times with 0.1 volume of a saturated so- 
lution of calcium chloride (approximate- 
ly 75% at 30°G). 

c. Add 200 gm. of anhydrous sodium sul- 
fate for each liter of ethyl acetate and 
let stand for several hours with frequent 
shaking. 

d. Distill and save the fraction distilling 
over at 73-78°G 

e. A standardization curve must be made 
after each purification of the ethyl ace- 
tate. 

f. The ethyl acetate used in the test may 
be saved and repurified. 

6 . Pyruvic Acid Stock Standard Solution . 

a. Distil! purified pyruvic acid (Eastman, 
labeled 64-47 °G at 13 mm. of Hg.) in 
vacuo using a water pump. 

b. Collect the middle third of the distillate. 

c. Weigh accurately a 50 cc. beaker and 
place exactly 10 cc. of the distilled py- 
ruvic acid in it and weigh again. 

d. The difference in weight will be the 
strength of the standard, i.e., if the 10 
cc. weighs 12.5 gm., the standard will be 
labeled 12.5 gm. in 1 liter (1 cc. = 12.5 

e. Transfer the pyruvic acid quantitatively 
to a liter volumetric flask with the aid of 
water and dilate to volume with water. 

f. This solution keeps indefinitely. 

F. Interpretation of Blood Pyruvic Acid Find- 
ings. 

1. Normal Values: 0.6— 1.2 mg. per cent for 
patients in bed. 

2. An increase in pyruvic acid means there is a 
decrease of vitamin Bj or thiamine. Thiamine 
is activated in the liver and other organs to 


diphospho-thiamine which acts as a co car- 
boxylase and is essential in the metabolism of 
carbohydrates at the pyruvic acid stage. A 
decrease of thiamine causes an increase in 
pyruvic acid in the blood due to a decrease 
in its metabolism. 

3. Increased in: 

Thiamine deficiency 

Fever 

Carcinoma 

Cirrhosis of the liver 

Von Gierke’s disease 

Hyperthyroidism 

Cardiac decompensation 

Shock 

Chemotherapy 

L Blood Sulfonamides (Bratton and 
Marshall’s Method). 

A. Principle t Para-aminobenzenesulfonamide is 
diazotized with nitrous acid and the excess 
nitrous acid is destroyed with ammonium 
sulfamate. The resulting diazo compound is 
coupled with N-(l-naphthyl)-ethylenedia- 
mine dihydrochloride producing a purplish 
red azo dye which can be estimated by color- 
imeter comparison. This reaction depends on 
the presence of an amino group substituted in 
the benzene ring and can be used for any 
derivative of the sulfonamide group which 
has the amino acid free or which can be 
freed by hydrolysis. 

B. General Considerations. 

1. All the sulfonamide drugs are determined in 
serum. 

2. The blood should be drawn just before an- 
other dose of the drug is given. 

3. While sulfonamides are being used for treat- 
ment, careful check must be made on the 
urine for crystals to prevent overdosage and 
kidney damage. 

4. It is desirable to have standards correspond- 
ing to the drug being determined. If in 
emergency it is necessary to use the stand- 
ards or photoelectric curve of another drug, 
the results must be corrected with a factor. 
This factor is obtained by dividing the mo- 
lecular weight of the drug being determined 
by the molecular weight of the drug used 
for a standard (sulfanilamide 172, tniozole 
255, diazine 250, merazine 265, suxidine 355, _ 
thalidine 403, gantrisin 267, elkosin 281). 

5. Sources of error. 

a. Not thoroughly mixing the solution after 
the addition or each reagent. 

b. Dye solution too old. 
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C. Calorimetric Method 

1 Filtrate 

a. Pipette 12 cc. of 15% trichloroacetic acid 
into a 50 cc. volumetric flask, 
b Add 2 cc. of serum shaking continuously 

c. Dilute to mark with water, mix, let stand 
20 minutes and then filter through What 
man No 40 filter paper 

d. The filtrate is a 1 25 dilution 

2 Test Proper 

a. Pipette 10 cc of filtrate into a large test 
tube 

b Pipette 10 cc. of the weak standard solu 
tion (10 cc == 002 mg) into one test 
tube and 10 cc of the strong standard 
solution (10 cc = 005 mg; into an 
other Use the standard corresponding 
to the sulfonamide being determined 
c Add 1 cc of 0 1% sodium nitrite sola 
non to each of the test tubes (stand 
ards and filtrate) 
d Mix and let stand 5 minutes, 
e Add 1 cc of 0 5% ammonium sulfamate 
solution to each test tube 
f Mix and let stand 2 minutes 
g Add 1 cc. of dye solution to each test tube 
and mix 

h Within 30 m nates compare in a color 
imeter the unknown and the standard 
which most nearly matches it. 
u Set the standard at 20 mm. 

3 Calculations 

a. For 0 02 mg standard use formula 

ft* •-’‘ 18 ? --B—* 

b For 0 05 mg standard use formula 


D Photoelectric Colorimeter Method, 

1 Filtrate 

a. Pipette 6 cc of water into a 50 cc. vol 
umetnc flask. 

b Add 6 cc of 15% trichloroacetic acid. 

c. Add dropwise 1 cc. of serum and mix. 

d. Let stand 20 minutes 

e. Add a small drop of caprjhc alcohol and 
dilute to volume with water 

f Filter through Whatman No 40 filter 

g The filtrate is a 1 50 dilution. 

2 Test Proper 

a. Place 10 cc. of the protein free filtrate in 
a colorimeter tube 

b Prepare a blank by placing 8 cc. of water 
and 2 cc. of 15% trichloroacetic acid m 
a colorimeter tube 

c. To each tube add 1 cc. of 0 1% sodium 


nitrite solution, mix, and let stand 5 min 
utes 

d Add I cc. of 0 5% ammonium sulfamate 
solution to each, mix and let stand 2 min 
utes 

e Add 1 cc. of dye solution to each tube and 
mix by whirling each tube at a 60° angle 
f Set the galvanometer at 100 using the 
blank and filter No 520 
g Read the unknowns within 30 minutes 
n Obtain the mg per cent of sulfonamide 
from the table of values 
3 Calibration of Standard Curie 

a. Make a dilute standard solution (1 cc.= 
001 mg) by placing 10 cc of the stock 
standard solution (1 cc. = 0 1 mg ) in a 
100 cc. volumetric flask and diluting to 
volume with water 

b Make further dilutions of the dilute stand 
ard solution with water which has 12 cc. 
of a 15% solution of trichloroacetic acid 


to each 100 cc. 

cc of 
d3ute 

as follows 

tng in 

standard 

Make op 

me in 

lOOcc. 

solution 

to 

10 cc. 

of blood 

2 

100 cc. 

0.002 

1 

4 

100 cc 

0004 

2 

6 

lOOcc. 

0X106 

3 

8 

100 cc. 

0.008 

4 

10 

lOOcc. 

0X110 

J 

!2 

lOOcc 

0X312 

6 

7 

JOcc. 

OX3I4 

7 

8 

10 cc. 

0X316 

8 

18 

lOOcc. 

0018 

9 

10 

JOcc. 

0020 

10 


c. Using 10 cc. of the different dilutions in 
stead of protein free filtrate proceed as 
described m the test proper 
d Perform a sufficient number of determina 
turns on each concentration of sulfonamide 
so that an average of the readings will give 
a straight line on semdoganthmic graph 
paper 

e. Make a table of values for mg per cent for 
each galvanometer division. 

E Solutions 
1 Standard Solutions 

a. Stock standard solution 

1) Weigh out exactly 1 00 mg of the 
sulfonamide desired and transfer to a 
liter flask The solubility of some of 
the sulfonamides is such that weaker 
stock standard solutions must be used 

2) Dissolve in about 800 cc. of water anti 
then make up to volume. 

3) This stock standard solution (1 cc. = 
0 1 mg ) may he kept indefinitely m 
the refrigerator 
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b Workmg standard solutions — nuke fresh 
every two weeks 

1) Weak standard solution (10 cc —0 02 

^Transfer 2 cc of stock standard 
solution to a 100 cc volumetric 
flask. 

M Add 18 cc of 155!, trichloroacetic 
acid and make up to volume with 
water 

2) Strong standard solution (10 cc u U5 

^Transfer 10 cc of stock standard 
solution to a 200 cc. volumetric 

M Add 36 cc of 15% trichloroacetic 
acid and make up to volume with 
water 

, Arnmonnm Sul (ornate Solution— 0 5% 

sZ ™Zr,te Solunon (O l^-make ftesh 
every 2 weeks from a stock 1% solution 

4 r"omg of NO naphthyl) «hy. 

enediamine dih> drochlonde m a 100 cc 
h Draolvewifh water and dilute to volume 

c Keepsabont 2 months m a brown bottle 

do not use after it rams brown 
5 Trichloroacetic Acid — 15 7o 

n Spinal rlnit! Sulfonamides. 

A. Cenernl fon-ldernlinnr 

1 10 for both visual and photoelectnc c 

Sid as for blood ./both the visual and photo 
electric colorimeter methods 
? „f spmal fluid, add 4 cc of 15% 

1 txtcMoroacett/acld and 14 cc of water (1 10 

in Blood Brnm.de (Wnth’s Method) 

A. Principle Acid gold cWondeu add^lra^ 

md *'S troiS coL that develops ,s doe 

25 — 

bromine ion. 


B General Considerations 
1 If serum chlorides are determined when bro- 
mides are being taken the result is total ha! 
ides Calculate per cent of chloride replace 
ment with bromide by multiplying bromide 
concentration by 0 568 (the factor necessary 
to convert bromide levels to equivalent chlo 
nde readings) and dividing the figure so ob 
tamed by total halide concentration considered 
as NaCl To calculate the serum chlorides 
multiply the total halides by the per cent of 
chloride replacement 

2 The bromide concentration of urine can be 
determined by the same method as for blood 
a. Concentration in urine parallels that ot 

blood , 

b The excretion is quite constant and rapid 
after bromide therapy 

3 Bromides are used particularly in the treat 
ment of cpil“psy 

C ileiho l Vstng Permanent Slumlords 

1 Add 2 cc of serum to 5 2 cc of 10 r c trichloro 
acetic acid in a test tube 

2 Stopper and shake well 

3 Allow to stand 30 tumults and then centn 
fuge for 10 minutes or filter through What 
man No 40 filter paper 

4 Place 2 cc of the supernatant fluid or filtrate 

in a test tube the same sire as the tubes con 
taming the standards , 

5 Add 0 4 cc of acid brown gold chloride so 

lution and shake — 

6 Compare with the standa-ds m a comparator 
box. TThc standards are laheled corresponding 
to mg of bromide per 100 cc of blood 

7 If reading is more than 300 mg add ^ 
trichloroacetic acid and 0 4 cc of acid bro\ 
gold chloride solution and shal e Compare 
with standards and multiply reading by TOO 

8 If the reading is below 75 mg prepare an 

O standard by adding 0 4 cc. of acid - brown 
chloride solution to 2 cc of 'ncHoroacenc 
acid and compare \ ith the unknm n to see 
if the color present is due onU to the addi 
tjon of the acid gold chloride solution. 

D Photoelectric Colorimeter Method 

1 Place 18 cc of 10% trichloroacetic acid in a 

large test tube and add 2 cc of serum drop- 
wise while shaking WW 

2 Let stand 20 minutes and filter through What 
man No 40 filter paper 

3 Pipette 10 cc of the filtrate into a colonm 

4 Prepares blan! by phone 10 cc. of 107, tn 
chloroacettc acid in a colorimeter mb 

5 Add 1 cc of 0 S% and brown gold cblondr 
solution to each tube and mix. 
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6 Set the galvanometer at 100 using the blank 
and filter No 520 

7 Read the unknown and obtain the mg per 
cent of sodium bromide from the table of 
values. 

8 Calibration of Standard Curve 

a Pipette the following amounts of the dilute 
standard sodium bromide solution (1 cc 
= 05 mg ) and trichloroacetic acid NaCI 
mixture into 9 colorimeter tubes 


cc of 

dilute cc- of 10% mg % of 

standard trichloroacetic sod am 

soloc on ac d Nad mixture brom de 

1 9 50 

2 8 100 

1 7 150 

4 6 200 

5 t 250 

6 4 300 

1 J 350 

8 2 400 

0 10 Blank 


b Add 1 cc of 0 5% acid brown gold chlo- 
nde solution to each tube and read as de 
scribed in the method above 
c Repeat a sufficient number of times so that 
the average of the galvanometer reading 
will make a straight line when plotted on 
semiloganthmic graph paper 
d Make a table of values for the mg per 
cent of sodium bromide for each division 
on the galvanometer 

E Solutions 

1 T richloroacettc acid — i 0 % 

2 Act d Brouvi Gold Chloride Solution — 0 5% 
a. The acid brown gold chloride comes in 

1 gram ampules 

b It is not necessary to weigh the chloride 
but place the contents in a 200 cc. volu 
metric flask and dilute to volume with wa 
ter rinsing the ampule with some of the 
water 

3 Permanent bromide standards and comparator 
box may be obtained from La Motte Balti 
more Maryland 

4 Trichloroacetic Acid (10%) — NaCI (006%) 
Mixture 

a Place 0 6 gm of sodium chlonde in a bter 
volumetric flask and add about 500 cc. of 
water 

b Add 100 gm. of trichloroacetic acid and 
d lute to volume w ith w ater 

5 Standard for Photoelectric Colorimeter Meth- 
od 

a Stocfc standard solution — ( 1 cc = 10 mg ) 
I) Weigh exactly I gm of cp sodium 
bromide and place in a 100 cc volu 
metric flask. 


2) Make up to volume with water 
b Dilute standard solution — ( I cc. = 0 5 
mg) 

1) Pipette 10 cc. of the stock standard 
solution into a 200 cc. v olumctric flask 

2) Dilute to volume with the trichloro- 
acetic acid NaQ mixture 

V Interpretation of Blood Bromide findings 

1 Normal Values 0 8 — 1 5 mg per cent 

2 The therapeutic concentration is considered 
about 200 mg per cent. 

3 Toxic values arc usually above 250 mg per 
cent 

IV Spinal Fluid Bromide. 

A The ratio of blood bromide to spinal fluid 
bromide is about 3 to I 

B Method Using Permanent Standards 

1 To 4 cc. of sp nal fluid in a test tube add 0 8 
cc of 20% trichloroacetic acid. 

2 Stopper and shake well 

3 Allow to stand 30 minutes and filter through 
Whatman No 40 filter paper 

4 Using 2 cc of the filtrate carry through the 
same method as for blood 

5 Divide reading of standard by 3 to cornel 
for the different dilution. 

C Photoelectric Colorimeter Method 

1 Make a I 5 filtrate by adding 3 cc. of spinal 
fluid to 12 cc. of 10% trichloroacetic acid. 

2 Proceed as described under the photoelectric 
colorimeter method for blood 

3 Divide the value obtained by 2 ro correct for 
the different dilution 

V Blood Thiocyanate^ Barker’* Melbod) 

A. Principle A protein free filtrate is made 
from cither serum or plasma by precip tation 
of the protein with trichloroacetic acid The 
filtrate is then treated with feme nitrate pro- 
ducing a red color (feme thiocyanate) which 
is compared with the color produced by a 
standard 

B General Considerations 

1 If the test for thiocyanate can not be made 
soon after the blood is obtained from the 
patient, oxalated blood can be kept in the 
refrigerator preserved with thymol 

2 The trichloroacetic acid filtrate is stable. 

3 Thiocyanate therapy is used in hypertension 

4 Salicylates given in large amounts will give 
a false high thiocyanate value because they 
wall give the same color reaction in the test 
as thiocyanates 

C. Colorimetric Method 

1 Place 5 cc. of either serum or plasma in 



CLINICAL CHEMISTRY 


32? 


2 

3 


4 


5 


6 


D 

1 

2 

3 

4 

5 

6 
7 


a centrifuge tube and add 5 cc of 20% tri- 
chloroacetic acid 
Stopper and shake well 
Allow to stand IS minutes, remove stopper, 
then centnfuge for 10 minutes or filter 
through Whatman No 40 filter paper 
Pipette 5 cc of the supernatant fluid or 
filtrate into a test tube, add 1 cc of fernc 
nitrate reagent, and mix well 
Standard 

a. To 5 cc of each standard solution (OS 
mg, 0 35 mg and 0 2 mg ), add 5 cc of 
20% trichloroacetic acid 
b Add 2 cc of fernc nitrate reagent and 
mix welL 

Compare unknown in the colonmeter with 
the standard that most closely approximates 
its color 

Set standard at 20 mm 


Calculation 
RS 


X cone of st- X ■ 


= mg % 


a For 0 5 mg standard use formula 

SB -"»* 

b For 0 35 mg standard use formula 

18 -** 

c For 0 2 mg standard use formula 
60 _ 
im 


Photoelectric Colorimeter Method. 

Prepare a serum or plasma filtrate as described 
under colonmetnc method 
Prepare a blank by placing 10 cc of 20% 
trichloroacetic acid in a colonmeter tube 
In another colonmeter tube place 1 cc. of 
filtrate and 9 cc. of 20% tnchloroacetic acid 
To each tube add 2 cc of feme nitrate re- 
agent. 

Mix by shaking and read immediately after 
setting the galvanometer at 100 with the blank, 
using filter No 520 

Obtain mg per cent of thiocyanates from 
the table of values 
Calibration of Standard Curve 
a Prepare a stock standard solution (1 cc — 
1 mg SCN) and the first dilute standard 
(5 cc — 0 5 mg SCN) of potassium thio- 
cyanate as desenbed under solutions 
b Make 2 dilutions A and B from the dilute 
standard solution 

1) Solution A— pipette 10 cc. of the dilute 
standard solution into a 100 cc. vol 
umetnc flask and dilute to volume 
with 20% tnchloroacetic acid (I cc. 

— 001 mg) 


2) Solution B — pipette 30 cc of the dilute 
standard solution into a 100 cc. \ol 
umetnc flask and dilute to volume 
with 20% tnchloroacetic acid (I cc. 
= 0 03 mg ) 

c Set up a senes of colonmeter tubes con 
taming the following 


Tube 

cc. of 
solutions 
AorB 

cc of 20% 
tnchloroacetic 
acid 

mg in 
100 cc. of 
blood 

1 

0J{A) 

9J 

J 

2 

WA) 

90 

2 

3 

2.0(A) 

8.0 

4 

4 

3 0(A) 

7.0 

6 

5 

5 0(A) 

50 

10 

6 

8.0(A) 

20 

16 

7 

100(A) 

00 

20 

8 

4 0(B) 

60 

24 

9 

5 0(B) 

5.0 

30 

10 

00 

1 00 

Blank 


d Add 2 cc of feme nitrate reagent to 
each tube, mix by shaking, and read im 
mediately after setnng the galvanometer 
at 100 with the blank using filter No 5 7 0 
e Perform a sufficient number of determma 
tions (repeat with new stock solutions) 
so that an average of the readings will 
make a straight line when plotted on semi 
loganthmic graph paper 
f Make a table of values for mg per cent 
of thiocyanate for each galvanometer di 
vision 

E Solutions. 

1 Ferric Nitrate Reagent 

a Dissolve 50 gm of crystallized fernc m 
trate [Fe(N0 3 ) 3 9H 2 OJ in 500 cc. of 
water in a liter volumetric flask 
b Add 25 cc. of cone, nitric acid and make 
up to volume with water 

2 Standard Thiocyanate Solution s 

a Stock standard solution (1 cc = 1 mg 
SCN) 

1) Dissolve approximately 1 7 gm of po 
tassium thiocyanate (SCN) in 800 cc 
of water 

2) Titrate 20 cc portions of standard sil 
ver nitrate solution (exactly 2 9195 gm 
per liter) acidified with 5 cc cone 
nitnc acid with the above potassium 
thiocyanate solution Add 0 5 gm of 
feme aluminum sulfate (powdered fer 
nc alum) for an indicator 

3) Add water to the thiocyanate solution 
in such quantities that 20 cc is eqmra 
lent to 20 cc of standard silver nitrate 
solution. 

4) Reatrate for check 

b Dilute standard solutions 

I) Dilute 100 cc. of the stock standard 
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solution to 1 liter (5 cc == 0 5 mg 
SCN) 

2) Dilute 70 cc. of the stock standard so- 
lution to 1 liter (5 cc = 0 35 mg 
SCN) 

3) Dilute 40 cc. of the stock standard 
solution to 1 liter (5 cc = 02 mg 
SCN) 

4) These dilute standard solutions mill 
Vxtp G wrasAte 

F. Interpretation of Blood Thiocyanate Find- 
mgs 

1 Normally there is no thiocyanate in the blood 

2 The therapeutic concentration vanes from 8 
to 12 mg according to individual response 
with an average of 10 mg per cent. 

3 Levels should not exceed 15 mg per cent be- 
cause of the possibility of severe tome mani- 
festations (dizziness, headache, weakness, and 
nausea) which may be fataL 

VI Blood Salicylic Acid (Brodie, Udcnfriend, 
nml Coburn’s Method). 

A. Principle: The salicybc acid is extracted 
from serum or plasma with ethylene dichlo- 
nde in an acid medium. It is then returned to 
an aqueous phase as a colored iron complex 
which is determined in a photoelectric color- 
imeter 

B General Comuleratlons. 

1 Serum or plasma may be kept tn the refriger- 
ator several days without appreciable loss of 
salicylic acid. 

2 The method described below cannot be used 
for determination of salicylic acid m urine 
due to the presence of large quantities of 
salicyluric acid in unne 

3 Salicylates are used a3 a therapeutic agent in 
rheumatic fever 

C. Photoelectric ColorimcU r Method 

1 Place 0 5 cc of 6 N HQ and 30 cc. of ethyl- 
ene dichlonde in a 60 cc glass-stoppered 
pyrex bottle 

2 Add 2 cc of serum or plasma and shake 
vigorously for 5 minutes (If the concentra- 
tion is expected to be high use 1 cc. of serum 
or plasma and 1 cc. of water) 

J Transfer the mixture to a 40 cc. thick-walled 
centnfnge tube and centrifuge for 5 minutes 
at moderate, speed 

4 Remove the supernatant aqueous lay’er by 
aspiration and discard 

5 Transfer exactly 20 cc of the ethylene di- 
chlonde layer to a 60 cc glass-stoppered 
bottle, add 10 cc of water and 0 25 cc of 
the iron reagent, and shake for 5 minutes. 


6 Transfer at least 10 cc. of the supernatant 
aqueous layer to a colorimeter tube 

7 Prepare a blank by placing 10 cc. of water 
in a colorimeter rube and adding 0 25 cc 
of the iron reagent. 

8 Read the unknown after setting the gal- 
vanometer at 100 using the blank and filter 
No 540 

9 Calibration of Standard Cune 

a Make the following dilutions of the stock 
standard salicylic acid solution with wa- 
ter 

cc of nock 

mndard Dilute Equivalent to mg 
solution to of salicylic acid 

5 200 cc 2 5 

5 100 cc. 5.0 

If 200 cc 7 S 

5 50 cc. 100 

If 100 cc. 1JJ) 

10 50 cc 20.0 

21 100 cc 25 0 

b Pipette 2 cc of each standard solution 
into 60 cc glass-stoppered bottles 
c Add 0 5 cc- of 6 N HC1 and 30 cc. of 
ethylene dichlonde to each and proceed 
as described in the test, 
d Repeat tests several times on the same 
dilute standard solutions, then repeat on 
new dilute standard solutions 
e Average the galvanometer readings for 
each concentration and plot on semdoga- 
nthmic graph paper It should make a 
straight line 

f Make a table of values according to mg 
per cent of salicylic acid for each gal 
vanometcr division 

D. SoJutforu. 

1 Hydrochloric Acid — 6 N 

a Place about 40 cc of water in a 100 cc 
volumetnc flask and add 50 cc of cone 

HQ 

b Cool and dilute to volume 

2 Iron Reagent 

a. Place I gm of feme nitrate [FefNOaJsl 
in a 100 cc volumetric flask 
b Dilute to volume with 0 07 N mtnc 
acid 

3 Stock Standard Salicylic Acid Solution (l cc 
= 1 mg) 

a Place exactly 116 mg of cp sodium 
salicylate in a 100 cc volumetnc flask 
and dilute to volume with water 
b This solution is stable when stored in the 
refngerator. 
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E. Interpretation of Blood Salicylic Acid 
Findingi, 

1. Normally there is no salicylic acid in the 
blood. 

2. The therapeutic blood level is considered 
to be at least 35 mg. per cent. 

3. Salicylic acid at high blood levels will pro- 
duce a hypoprothrombinemia and a moderate 
acidosis. 

Toxicological Tests 

X. Ethyl Alcohol (Levine and Bodansky’a 
Method). 

A. Principle: A sample of cither blood or urine 
is absorbed on a roll of filter paper and 
oxidized over a potassium dichromate-sul- 
furic acid mixture in a rightly stoppered 
flask. The excess dichromate is titrated with 
a ferrous sulfate-methyl orange reducing so- 
lution. 

B. General Consideration . ». 

1. In obtaining blood from a patient, alcohol 
should not be used for sterilization of the 
skin. 

2. Blood or urine can be kept for 5 days in 
the refrigerator if tightly stoppered without 
appreciable loss of alcohol. 

C. Method . 

1. Pipette 10 cc. of standard potassium di- 
chromate solution and 10 cc. of cone, sul- 



Fjg. 32. Method of preparing the roll of filter paper 
for the determination of etnyl alcohol. (Levine, H. 
and Bodansky, M. A, Technical Supplement of the 
Am. J tmr. of Clin. Path, published by Wiliams and 
Wilkins. Baltimore.) 


furic acid into the bottom of a 125 cc. 
Erlenmeyer flask. Care must be exercised 
so that none of the reagents drip onto the 
neck or sides of the flask. 

2. This mixture of reagents will determine 
alcohol concentrations up to 200 mg. pet 
100 cc. in either blood or urine when 0.5 
cc. samples are used and concentrations up 
to 500 mg. per 100 cc. with 0.2 cc. sam- 
ples. 

3. Prepare a roll of Whatman No. 2 filter 
paper (11 cm.) in the manner indicated 
diagrammatically in Fig. 32. 

4. Into the small cup formed by the rolled 
paper, pipette either 0.5 cc. or 0.2 cc. por- 
tions of blood or urine. 

5. Suspend the roll of filter paper over the 
potassium dichromate oxidizing reagent by 
inserting the strip of paper attached to the 
roll between the neck of the flask and the 
rubber stopper (Fig. 32). Care should be 
taken to prevent the filter paper from 
touching the acid mixture. 

<5. Press the stopper tightly into the neck of 
the flask. 

7. In a similar manner prepare a blank using 
the same volume of water in place of blood 
or urine. 

8. Place the flasks in a drying oven kept at 
approximately 100°C for 30 minutes. If 
an oven is not available, the flasks may be 
placed in boiling water for 30 minutes, 

9. Allow the flasks to cool to room tempera- 
ture. 

10. Carefully remove the stopper and roll of 
filter paper and titrate the contents of the 
flasks with the red reducing fluid using a 
5 cc. microburette graduated in 0.01 cc. 

11. The first permanent pink color obtained is 
the end-point. 

12. After titrating one of the flasks to the end- 
point, add 5 cc. of the standard potassium 
dichromate solution and again titrate. 

13. The amount of red reducing fluid required 
■will express the equivalence of the reducing 
fluid to the dichromate solution. 

14. The quantity of reducing fluid required to 
titrate the 5 cc. of the mehromate solution 
should be about 2.5 cc. 

15. Calculation: 

Since 5 cc. of the standard dichromate 
solntion is completely reduced by 0.5 mg. 
of alcohol, twice the amount of the red 
reducing fluid required to titrate 5 cc. of 
the dichromate is equivalent to 1 mg. of 
alcohol. 

B — A x 100 
2C S 


— mg.%. 
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A = cc. of reducing fluid required to titrate the 
unkn own. 

B =s cc. of reducing fluid required to titrate the 
blank. 

C = cc of reducing fluid required to titrate the 
added 5 cc. of dichromate solution. 

S = cc. of sample taken for analysis 

D Solution* 

1 Standard Potassium Dicbromate Solution (1 
cc. = 0 1 mg alcohol) 
a. Place 0 4258 gm of c.p potassium di 

chromate (K 2 Ct 2 0t) in a Liter volumet- 
ric flash. 

b Dissolve in water and make up to volume. 

2 Methyl Orange— 0 1% 
a Place 1 gm. of methyl orange in a liter 

\olumetnc flask. 

b Make up to volume with approximately 

0 025 N NaOH and filter 

3 Ferrous Sulfate Solution — 20% 
a. Dissolve 50 gm of ferrous sulfate 

(FeSC >4 7H-0) in 150 cc. of water in a 
250 cc. volumetric flask, 
b Add 30 cc of cone sulfunc acid and 
dilate to volume with water 
c. If kept in a w ell stoppered bottle, the so 
lation will not deteriorate for 1 year 

4 Red Reducing Fluid 
a. To 35 cc of 1 1 sulfunc acid, add 15 

cc of 0 1% methyl orange solution and 

1 cc. of 20% ferrous sulfate solution, 
b Mix and allow to cool to room tempera- 
ture before using 

c. This solution keeps for 3 to 4 days. 

E Interpretation of Blood and Brine Alcohol 
Findmgg 

1 The interpretation of blood and unne alco- 
hol findings depends entirely upon the nmc 
the specimen was obtained m relation to the 
time the alcohol was imbibed 

2 Values up to 50 mg per cent in blood arc 
not conclusive evidence the individual has 
been drinking since there are small amounts 
of reducing substances normally present in 
blood 

3 Values of 100 to 150 mg % in blood are cvi 
dence that the individual is under the influence 
of alcohol but not definitely intoxicated. 

4 The level of ISO mg per cent m blood is 
considered indicative of intoxication how 
ever, there is a wide range of tolerance so 
that in some individuals intoxication may be 
reached at lower or higher levels 

5 A level of 200 mg per cent in blood is con- 10 
sidered a definite indication of intoxication 

6 When values of 500 mg per cent are reached 

the person is probably in coma and death II 
may result. 


7 These values cannot be applied to unne be 
cause the unne alcohol may be higher or 
lower than the blood alcohol depending upon 
the stage of absorption or elimination of 
alcohol 

II Darbiturutee in Unne 

A Principle The barbiturates are extracted 
with chloroform and the reddish purple 
color produced on the addition of cobalt 
acetate and isopropylamine is compared with 
the color similarly produced in a standard 
solution of barbital 

B General Connderoliom 

1 The sulfonamide compounds interfere with 
the color reaction in the test for barbiturates 

2 All solutions for this test must be kept water 
free 

3 If very small amounts of barbiturates are 
expected a larger quantity of unne can be 
evaporated to dryness over a steam or sand 
bath 

C. Method 

1 Make the unne acid to litmus with 10% 
sulfunc acid. 

2 Add enough chloroform to the entire speci 
men to make a layer of chloroform about 
one half inch deep 

3 Shake thoroughly for 2 minutes allow the 
cWioroiorm to settle, and then decant most 
of the unne 

4 Separate the chloroform from the remaining 
unne by means of a separatory funnel 
(Centnfuge if complete separation has not 
been obtained ) 

5 Evaporate the chloroform to about 10 cc., 
add approximately one gram of activated 
charcoai, and mix to remove the pigment. 

6 Filter through Whatman No 50 biter pa 
per into a 100 cc. beaker, rinsing first beaker 
with five 2 cc portions of chloroform. 

7 Evaporate the combined washings to about 
2 cc and transfer quantitatively to a grad 
uated centnfuge tube with die aid of small 
portions (0 5 cc.) of chloroform 

8 Dilute to 5 cc with chloroform. 

9 Prepare 2 standards as follows 
a In tube I place 4 cc. of standard barbital 

solution (2 mg ) and 1 cc of chloroform, 
b In tube 2 place 2 cc. of standard barbital 
solution (I mg ) and add 3 cc. of chlo 
roform. 

Add to all tubes 0 25 cc. of 1% cobalt ace 
tate solution and 1 5 cc of 5% isopropyls 
mine solution and mix. 

Compare at once in the colorimeter with 
the standard which most nearly appron 
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mates the color. 

12. Set the standard at 20 im 

13. Calculation: 


RQ X 2 (oc l) X 

D. Solutions. 


too 

ccTin specimen 


— mg.%. 


1. Sulfuric Acid — 10%, 

2. Cobalt Acetate Solution — 1%. 

a. Place 1 gm. of cobalt acetate [Co(CoH,f 
0 2 );?] in a 100 cc. volumetric flask. 

b. Make up to volume with absolute methyl 
alcohol. 

3. ho propylamine Solution — 5%. 

a. Pipette 5 cc. of isopropylamine (East- 
man) into a 100 cc. volumetric flask and 
dilute to volume with absolute methyl 
alcohol. 

b. Keep in a brown glass-stoppered bottle. 

4. Standard Barbital Solutton (1 cc. = 0.5 eng.). 

a. Place exactly 50 mg. of barbital in a 100 
cc. volumetric flask. 

b. Dilute to volume with chloroform. 


E. Interpretation of Urinary Barbiturate s. 

1. Normally there should be no barbiturates 
present. 

2. Found after taking large doses of sedatives 
containing barbital or one of its derivatives. 

HI. Arsenic in Urine (Gutzeit’s Qualitative 
Method). 

A. Principle: In the presence of zinc, hydro- 
chloric acid, and iodine, arsenic is converted 
to arsine (ASH3) which is volatile. This 
reacts with the silver nitrate on the filter 
paper to produce a silver arsenide compound 
which is yellow. A drop of water placed 
on the yellow filter paper will produce a 
black color probably aue to free stiver from 
the oxidation of the arsenide to arsenate. 


B. General Considerations. 

1. Do not use pyrex glassware. 

2. All solutions must be arsenic-free. 

C. Method. 

1. Place about 1 gm. of arsenic-free zinc (pref- 
erably granular) in a large test tube. 

2. Add 5 to 10 cc. of pure dilate HQ (1-5 
dilution) and a few drops of Gram’s iodine 
solution. 

3. Cover the mouth of the test tube with a 
filter paper cap moistened with concentrated 
aqueous solution of silver nitrate (1 gm. 
AgNC>3 in I cc, water). 

4. If no color appears on the cap after a few 
minutes, the reagents are free of arsenic. 

5. Add 5 to 10 cc. of urine, cover at once with 
the same cap, and allow to react for several 


minutes. 

6. If arsenic is present, the paper will become 
lemon yellow which will turn black upon 
the addition of a drop of water. 

7. Normally no arsenic is found in urine. 

IV. Mercury in Urine (Biancalatu’g 
Qualitative Test). 

A. Principle; Mercury is deposited on copper 
wire in strongly acid urine. Upon heating 
the wire, the mercury vapor forms a red 
precipitate of Hgl z * CU 2 I 2 when it comes 
in contact with freshly precipitated cuprous 
iodide. 

B. General Considerations . 

1. A 24 hour specimen of urine should be used 
and this may be concentrated to a smaller 
amount over a water bath. 

2. The copper wire should be cleaned by plac- 
ing it in warm nitric acid and then thor- 
oughly rinsing with water. Handle with for- 
ceps after it is cleaned. 

3. Test is sensitive to 0.005 mg. of mercury 
bichloride per 100 cc. of unne. 

4. Normally the test should be negative. 

C. Method. 

1. Make the urine strongly add with dilute 
sulfuric acid (1-5 dilution). 

2. Immerse a dean coiled copper wire in the 
urine and heat on a steam bath for I hour. 

3. Remove the wire, dry, and place in a pyrex 
test tube. 

4. Place a strip of filter paper coated with 
freshly precipitated cuprous iodide over the 
mouth of the tube. 

5. Heat strongly the part of the test tube con- 
taining the wire. 

6. If mercury is present, its vapor will deposit 
a salmon to rose color compound (Hgl 2 • 
CU2I2) on the paper containing the white 
cuprous iodide. 

7. A clean copper wire should be heated in a 
similar manner to check the reagent 

D. Cuprous Iodide. 

1. Dissolve 5 gm. of crystalline copper sulfate 
(CaSO^HoO) and 3 gm. of anhydrous 
ferrous sulfate (FeS0 4 ) in 100 cc, of water. 

2. While stirring add 50 cc. of water in which 
7 gm. of potassium iodide has been dissolved. 

3. Filter and wash the white precipitate (Cv 2 h) 
on the filter paper with water until all the 
iodine is removed. 

4. This cuprous iodide may be kept for a 
short time in the form of a suspension in a 
brown glass bottle by transferring it to the 
bottle with the aid of a small amount of 
water. 
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Extracting and Diluting Solutions 
L Solutions 

A Buffered Dextrose Phenol Solution 


Dextrose c p 

4S gm 

Phenol cp 

5 gm 

Sod um b carbonate cp 

2 gm. 

Place in a liter volumetric flask 
the mark with distilled water 

and fill to 

Coceft Solution. 

Sod um cl londe c p 

5 XX) gm 

Sod um b carbonate c p 

2 75 gm 

Plenol, cp 

4 00 gm 

Place m a liter volumetne flask 
the mark with distilled water 

and fill to 


IL Use of Solutions 

A. When the above solutions are used for di 
luting srenle extracts they are first passed 
through a sterile Seitz filter and cultured for 
sterility as described under pollen extract. 

B The same solution is used in mal ing dilu 
tions as was used in making the extract. 

Extrncts 

I Pollen Extract. 

A. Preparation of Stock Solution (3%) 

\ Extnti $ gm. ui puVitn -wyiYi 5$ cc. tri 
ether for 24 hours at room temperature 

2 Tilter off the ether and return any pollen 
on the filter paper to the flask. 

3 Extract again with ether for 24 hours and 
filter 

4 Dry the pollen on the filter paper until all 
fumes of the ether have disappeared 

5 Place 3 gm. of the extracted pollen in the 
same flash which has been dried and freed 
from the odor of ether 

6 Add 100 cc of buffered dextrose phenol 
solution or 100 cc of Coca’s solution and 
glycerin (33 3 cc. of Cocas solution plus 
66 7 cc. of c p gk cenn) 

7 Add a few glass Deads and then stopper 

8 Keep m the refrigerator and shake for a 
few minutes at hourly intervals for 2 or 3 
dap 

9 Filter through filter paper and then through 
a stenle Seitz filter 


10 Culture the filtrate for sterility by placing 
0 5 cc into a tube of thioglycollate glu 
cose broth 

11 If there is no growth after 72 hours meu 
bation place the extract in stenle 30 cc 
vaccine bottles 

B Vie of Extract 

1 The 3% stock solution is used for scratch 
tests. 

2 Dilutions for intradermal tests and for treat 
ment are made as follows 

a One part stock solution plus 2 parts of 
diluent = 1 100 dilution 
b One part of the 1 100 dilution plus 9 
parts of diluent = 1 1000 dilution 

II ITouse Duet Extract 

A Preparation of Stock Solution 

1 Place the house dust in a jar and add tolu 
ene until the dust is well covered 

2 Shake thoroughly and let stand for 1 hour 

3 Filter off the toluene and let dust dry on 
the filter paper until all fumes of toluene 
have disappeared (1 to 2 days) 

4 Weigh tne dust and for each 20 grams 
add 50 cc of buffered dextrose-phenol $o- 
lunon and 50 cc of water 

5 Mix well and let stand for 48 hours 

6 Squeeze through a towel and then filter 
through filter paper 

7 Evaporate the filtrate to one half volume 
by placing in a Visking sausage casing and 
hanging tne casing on a nail or ring stand 
Evaporation can be hastened by using an 
electric fan 

8 Filter through filter paper and pass through 
a stenle Seitz filter 

9 Test for sterility by placing 1 cc in a tube 
of thioglycollate glucose broth and men 
bating for 72 hours 

10 If no growth appears place the solution in 
stenle 30 cc vaccine Dottles 

B Vie of Stock Solution. 

1 The stock solution is used for scratch tests. 

2 Dilutions of 1-10 I 100, 1 1000 and I-I0- 
000 are made for intradermal tests and for 
treatment. 
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III General Extracts 

A. General Considerations 

1 All materials to be extracted should be in 
the raw or natural state 

2 They must be either powdered or ground 
m a meat grinder as fine as possible in order 
to increase the surface area on which the 
extracting fluid can act and to break down 
cell membranes 

3 Materials containing fat must be defatted 
with ether or toluene before malting ex 
tracts (Carbon tetrachloride may be used to 
remove resinous material but must in turn be 
remoied with ether ) 

a Add ether until there is a 2 inch layer 
aboie the material 

b Shake set era! times during the day and 
change ether daily until it is clear 
c. After the last extraction dry the material 
until all fumes of the ether have disap- 
peared (1 to 3 days) 

4 The materials are extracted with one of the 
extracting solutions 

a Buffered dextrose phenol solution has 
proi ed better than Coca s solution 
b Weigh the material to be extracted place 
m a wide mouth bottle with a tight 
fitting screw top and add the extracting 
solution in the proportion given under 
each group of materials 
c Shake for a few minutes at hourly in 
tervals and leave at room temperature 
for 48 hours or in the refrigerator for 
72 hours 

d Filter through filter paper before pass 
ing through a Seitz filter for stenhza 
tion 

5 Extracts of some materials must be dialyzed 
to remove irritating elements dyes and some 
electrolytes 

a Place the extract after filtering through 
filter paper, in a Visktng sausage casing 
b Place the casing and its contents in a 
beaker containing the solution used in 
making the extract 

c Change the solution m the beaker sev- 
eral times If the solution becomes dis 
colored it must be changed until the 
color is negligible 

d Care must be taken not to dialyze too 
long in order not to lose some of the 
potency of the extract 

6 All stock solutions must be tested for stenl 
ity after passage through a Seitz filter place 

l cc in a tube of thioglycollate glucose 4 
broth and incubate at 37 0 C. for 3 days 


7 When dilutions of 1-1000 are needed first 
prepare a 1 100 dilution of the stock solu 
tion and then a 1-1000 dilution 

8 All new extracts should be tested for potencj 
and irritating substances before using for 
diagnosis 

a. The extract should give a positive skin 
reaction on a person known to react to 
the substance used 

b It should give a negative reaction on a 
person 1 nown not to react to the sub 
stance used in order to rule out the pres 
ence of irritating substances in the ex 
tract 

9 Dilutions for mtradermal tests are dilutions 
of the original material so that the extraction 
dilution must be considered 

B i Meat and Fish 

1 Fresh meat is obtained with as little blood 
as possible 

2 Remove any connective tissue present and 
grind m a meat grrnder 

3 Defat with ether or toluene and dry 

4 Extract with buffered dextrose phenol solu 
tion in the proportion of I part of dried 
meat to 4 parts of solution except veal 
chicken lamb pork, and shnmps which are 
extracted in the proportion of 1 to 9 

5 Beef and beef liter extracts should be di 
alyzed 

6. A 1 3000 dilution is used for mtradermal 
tests. 

7 Make fresh extracts every six months 

C Cereals 

1 Grind and extract 1 part with 9 parts of 
buffered dextrose phenol solution under a 
thin layer of toluene 

2 Dialyze the extracts of wheat rye oats and 
buckwheat for 24 to 48 hours 

3 A 1 100 dilution is used for intradermal 
tests 

4 Make fresh extracts once a year 

D Seeds, Condiments, Beverages, Spices , and 
Nuts 

I If not obtained in a powdered form either 
chop or grind the material 
Defat those containing fat with ether or 
toluene and dry 

Extract I part with 9 parts of buffered 
dextrose phenol solution except filberts a) 
monds, and English walnuts which are ex 
tracted in the ratio of 1 parr to 4 parts of 
solution 

Dialyze all the extracts except those of nut! 
and cottonseed 
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5 A 1-100 dilution is made for lntradermal 
tests, except cottonseed and flaxseed which 
are diluted 1-1000 

6 Make fresh extracts every 6 months. 

E Vegetables. 

1 Obtain vegetables when fresh in season. 

2 Grind in a meat grinder and extract with 
buffered dextrose phenol solution in the fol- 
lowing proportions 

a. One part of cabbage, cauliflower, string 
beans, endive, asparagus, and white potato 
to 4 parts of solution, 
b One pait of onion, beet, spinach, carrot, 
celery, and sweet potato to 2 parts of 
solution. 

c One part radish, lima beans, peas, soy 
beans, lettuce, red and green peppers, and 
parsley to 9 parts of solution. 

3 A 1-25 dilution of each is used for mtra- 
dermal tests, except peas and soy beans 
which are used in 1-100 dilutions 

4 Make fresh every 6 months. 

F Pruitt 

1 Obtain fruits when fresh in season 

2 Grind in a meat grinder or for those having 
a large amount of juice, squeeze the juice out 
as completely as possible 

3 Defat coconut, date, olive, and banana with 
ether or toluene and dry 

4 Extract with buffered dextrose-phenol solu- 
tion under a thin layer of toluene in the 
following proportions 

a One p3rt of tomato, plum, raspberry, and 
watermelon to I part of solution, 
b One part of cranberry to 2 parts of so- 
lution 

c One part of apple, strawberry, grape, 
apneot, peach, pear, cantaloupe, cucum- 
ber, lemon, orange, grapefruit, coconut, 
date, banana, and pineapple to 4 parts of 
solution. 

d. One part of cherry, fig, and olive to 9 
parts of solution. 

5 For lntradermal tests make the following 
dilutions 

a A 1-3 dilution of watermelon, 
b A I -10 dilution of tomato, apple, apn- 
eot, peach, plum, raspberry, strawberry, 
coconut, date, banana, and pineapple 
c A 1-25 dilution of cherry, pear, lemon, 
orange, grapefruit, fig, and olive. 

6 Make fresh extracts every 6 months. 

G Eggt 

1 Separate the yolks from the whites of fresh 
eggs. 


2 Extract 1 part of each with 9 parts of buf- 
fered dextrose phenol soluaon. 

3 A 1-1000 dilution of egg white and a 1-100 
dilution of egg yolk are used for lntradermal 
tests 

4 Make fresh extracts every 6 months 

H. Mi Ik. 

1 Obtain 800 cc of fresh nonpast eunzed milk 
from which the fat has been removed. 

2 Add 2 5 cc. of a 1% rennin solution and 
place in a water bath at 37°G for 30 min- 
utes without stirring 

3 Strain through a sterile towel to remove the 
precipitated casein 

4 Add 7 cc. of a saturated solution of sodium 
carbonate to the filtrate and sterilize by fil 
tenng through a Seitz filter 

5 For lntradermal tests dilute 1 part of milk 
extract with 1 part of solution 

6 Make a fresh extract every <$ months. 

L Milk Products. 

1 Casern, cheese, and buttermilk can be ob- 
tained m powdered form for extraction. 

2 Defat with ether or toluene and dry 

3 Extract with buffered dextrose-phenol solu- 
tion in the following proportions 

a One part cheese with 4 parts of solunoa 
b One part casern, lactalbumin, and butter 
milk to 9 parts of solution. 

4 A 1-100 dilution is used for in trad enrol 
tests 

5 Make fresh extracts ever} 6 months 

J Epidermal s. 

1 Obtain hair directly from the animal by 
comb mg or currying 

2 Obtain feathers direedy from the fowl by 
dry plucking 

3 Care must be taken to avoid water coming 
in contact with the epidermals and to avoid 
bloody or soiled material 

4 Cut die substance into small pieces and de- 
fat. 

5 Extract one part with 9 parts of buffered 
dextrose-phenol soluaon under a thin layer 
of toluene. 

6 For lntradermal tests make the following 
dilations 

a A 1-100 ddunon for camel hair, chicken, 
duck, goose, and turkey feathers, 
b A 1-200 diludon for rabbit hair 
c. A 1-1000 diluaon for cat, catde, dog 
goat, and hog hair, horse dander, and 
sheep wooL 

7. Make fresh extracts once a year 



ALLERGY EXTRACTS 


335 


k. safe. 

l. Obtain the silkworm in the pupa stage and 
remove the silkworm from tne cocoon. 

2 . Grind the diy worm in a mortar and de- 
fat with ether or toluene. 

3. Extract 1 part with 9 parts of buffered 
dextrose-phenol solution. 

4. Dialyze for 24 hours. 

5. A 1-1000 dilution is used for intradermal 
tests. 

6. Make a fresh extract once a year. 

L. Miscellaneous. 

1. Kapok extracts can be made from either the 
seed or fiber, if the seed is used, it must be 
defatted. 

2. Henna, pyrethrum, and orris root can be 
obtained in powdered form. 


3. Hops, sand flies, tobacco, rayon, and karaya 
gum extracts are made from the raw material. 

4. Grind or cut into small pieces. 

5. Defat all substances containing fat with 
ether or toluene. 

6. Extract 1 part to 9 parts of buffered dex- 
trose-phenol solution under a thin layer of 
toluene, except pyrethrum which is extract- 
ed 1 part to 4 parts of solution and karaya 
gum which is extracted 1 part to 49 parts 
of solution. 

7. Dialyze all extracts except kapok, rayon, 
orris root, and karaya gum. 

8. For intradermal tests make a 1-100 dilution 
of all except pyrethrum, sand flies, orris 
root, and karaya gum which are used in a 
1-1000 dilution. 

9 Make fresh extracts once a year. 



Tissue Sectioning 


I Fixation. 

A. General Considerations 

1 For the preparation of satisfactory sections, 
tissues must be fixed ’ immediately after re- 
moval from the body 

2 Fixing reagents possess the properties of pen 

etranng, killing, preserving, and hardening 
tissues " 

3 The choice of a proper fixing reagent de 
pends upon the nature of the tissue, the sus 

ected pathological lesion, and the stain to 
e used. 

4 Tissues for fixation should be cut in pieces 
not more than 5 mm in thickness to permit 
rapid penetration and fixation 

B Fixing Reagents 

1 Zenker's Fluid 

a. This is the best fixative for general his- 
tologic study and for preservation of 
nuclear structure bacteria, and fibrils 
b Fix tissues m acetic Zenker s or formol 
Zenker s fluid for 12 to 24 hours 
c Wash in running water 12 to 24 hours 
d Transfer to 35% alcohol containing 
enough Lugols solution to produce a 
port wine color for 12 to 18 hours to 
remove any precipitated mercury (This 
step may be omitted, but the precipitated 
mercury must be remov ed later from the 
cut sections before staining ) 
c Preserve m 70% alcohol 
f Stock Zenker's fluid 

Potassium dichromate 25 gm. 

Mercury b chloride 50 gm 

Distilled water to male 1 liter 
Dissolve the salts tn the water with the 
aid of heat. 

g Acetic Zenker’s fluid 

1) Add 5% (by volume) of glacial acetic 
acid to the stock Zenker’s fluid 

2) The acetic acid must be added at the 
tame the fluid is to be used and only 
to that portion of the stock solution 
which is required on any given occa- 
sion. 


h Formal Zenker’s fluid (Helly’s fluid) 

1) Add 5% (by volume) of neutralized 
formalin to the stock Zenker’s fluid. 

2) The formalin must be added at the 
tune the fluid is to be used and only 
to that portion of the stock solution 
which is required on any given occa 
sion 

2 Neutral hormahn — 10 % 

a This solution is cheaper, more easily pre 
pared, fixes and hardens tissues quickly, 
and permits a large variety of staining 
methods 

b Fix tissues in 10% formalin for 24 to 
48 hours and then preserve in 70% alco- 
hol 

c To prepare use 1 part of aqueous com 
mercial formalin (40% solution of for- 
maldehyde) to 9 parts of water and neu 
tralize by adding calcium carbonate (mar 
ble chips) or lead oxide 

3 Bourn's Fluid 

a This fluid is used for general puiposes 
and for special study, particularly of cm 
bryos 

b Fix tissues in Bourn’s fluid up to 18 hours 
followed by washing in 50% alcohol, 
c. The remaining yellow color can be ex- 
tracted from the tissues (or embryos) by 
placing them in 70% alcohol containing 
2 to 3 cc of a saturated solution of lith- 
ium carbonate to 100 cc or subsequently 
extracted from the sections on the slide 
by placing them in a 10% solution of 
lithium carbonate 
d Boutris fluid 

Picric aad, la ranted aqueous solution 
(about 1.22%) 75 CC. 

Formalin 25 cc. 

Acetic acid glacial f cc 

4 Alcohol 

a A fixative which hardens and dehydrates 
tissues at the same time 
b Bactcna, fibnn, muscles, pigments, and 
elastic fibers stain well after fixation tn 
alcohol. 
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c It is used for fixing tissues to be stained 
for phosphatase 

d Place tissues first in 80% alcohol and in 
2 to 4 hours change to 95% alcohol, 
e After fixation with any of the fixatives, 
tissues can be stored in 70% alcohol in 
definitely 

f Absolute alcohol is the only fixative to 
be used for the preservation of glyco- 
gen 

1) The tissue must not come in contact 
with water until after embedding 

2) It is placed directly into chloroform 
from absolute alcohol 

II Decalcification 

A, Method 

1 Bone and other calcified tissues must be de 
calcified before sections can be prepared 

2 Cut or saw sections into slices 2 to 5 mm 
thick before fixation 

3 Tut and harden thoroughly in 10 % neutral 
formalin or m formol Zenker s fluid 

4 Place in one of the decalcifying reagents and 
change the fluid frequently The process 
should not take more than 3 to 4 days 

5 Remove the decalcifying reagents by wash 
mg in running water for 6 to 12 hours 

<S Harden the tissues in alcohol and embed 
B Decalcifying Reagents 

1 Nitric Acid— 5% 

2 Sulftirout Acid — a saturated aqueous solution 
of sulfur dioxide ( 6 7%) 

3 Trichloroacetic Acid — 5% 

4 Picric Acid — a saturated aqueous solution 

III Embedding and Cutting Methods 
A. General Considerations 

1 Fixed tissues require some medium to fur 
msh stability ana hold cellular structures in 
proper relation to each other before they 
can be sectioned 

2 Two substances are used for embedding — 
paraffin and celloidin 

3 Celloidin is used for specialized work such 
as sectioning of eyes and it requires at least 
one week to embed tissue 

D Paraffin Method 

1 Wash the fixed tissue m water to remove 
the fixative 

2 Cut in pieces about 2 mm in thickness on 
entmg it in such a way that the section 
will be jn a plane desired for study 

3 Place in 80% alcohol for 4 hours. 

4 Change to 95% alcohol for 4 hours 

5 Leave m 100% alcohol overnight. 

6. Place in chloroform 2-4 hours. 


7 Place in 50% solution of paraffin in chloro- 
form 2-4 hours in closed jars in a 37°C 
oven. 

8 Place m paraffin m a 56°C oven for 2-4 
hours 

9 Block the tissue in the following manner 
a Fill the mold with melted paraffin 

b Transfer the tissue from the infiltration 
bath of melted paraffin to the mold with 
forceps 

c Drop paper labels into molds and cool 
by placing molds in the refrigerator or 
immersing m cold water 

10 When blocks have hardened, trim and place 
in labeled boxes Keep blocks in the re 
fngerator until sectioned 

11 For routine examination cut sections with 
a rotar) or sliding microtome at 5 7 mi 
crons in thickness 

12 Float the sections on the surface of warm 
distilled water (about 38°C) Avoid bub 
bles and stretch to remove wrinkles 

13 Mount each section on a dean slide which 
has been prepared with a thin smear of 
Mayer s albumin glycerin fixative by im 
mersmg the slide under the floating section 
(Mayers albumin glycerin fixative — mix 50 
cc glycerin and 50 cc. egg albumin filter 
add a small thymol crystal and store in 
the refrigerator) 

14 Lift the slide with the section on it, dram for 
a few seconds place on a warming pan 
adjusted to 40°-50 < ’G and leave at least 1 
hour or overnight 

15 Stain slides 

IV. Frozen Sections 

A General Considerations 

1 Frozen sections are of great value when a 
quick diagnosis is required while the patient 
is under an anesthetic and a question of 
mabgnancy must be decided in a few nun 
utes 

2 They may be made with unfixed or fixed tis 
sue, the embedding process is eliminated 

3 They must be used for certain special stains 
such as for fat. 

B Freezing Tissue and Cutting Sections 

1 A small block of tissue not more than 5 
mm in thickness is prepared 

2 If the tissue has not been previously fixed, 
heat for about 1 minute at 80°G in a beaket 
partially filled with 10% formalin 

3 Rinse tissue in water and place on the stage 
of the freezing microtome 

4 Freeze tissue thoroughly, then allow tissue 
to thaw out just enough to obtan proper 
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consistent:), and cot sections 8-10 microns 
m thickness. 

5 Wipe sections from knife and float on dis 
oiled water 

C. Hematoxylin and Conn Stain 

1 Cut frozen sections 

2 Use a bent glass rod to transfer section to 
filtered hematoxylin and stain for 30 seconds 
or longer 

3 Rinse m tap water 

4 Decolorize in acid alcohol 

5 Wash quickly in tap water 

6 Transfer to dilute ammonia w ater until sec- 
oon appears blue 

7 Rinse in tap water and float section on slide 

8 Blot with mlulous paper 

9 Using a medicine dropper, flood the slide 
which is held almost horizontal!), with the 
following solutions in order 

Eosm Y in 90% alcohol 

80% alcohol 

95% alcohol 

100% alcohol 

Carbol xylol 

Xylol 

10 Mount m balsam clante or permount 

11 For results and solutions see hematoxylin 
and eosm stain under staining methods 

D Thionln Stain 

1 Cut frozen sections 

2 Use a glass rod to transfer section to the 
thiomn solution and stain for a few seconds. 

3 Wash in tap water 

4 Float section on slide and examine 

5 Thiomn Solution 

Thiomn (total dye content 91%) OJ cm. 

MtoVoI VX, cc. 

6 This stain may be used with unfixed tissue, 
but tissue fixed in formalin is preferable 

7 Results 

a Nuclei stain blue to purple 
b Collagen stains reddish 
c Elastic fibers stain bght green. 

E. Polychrome Methylene Blue Stain. 

1 Cut frozen sections 

2 Use a glass rod to transfer section to the 
polychrome methylene blue solution and 
stain for 1-2 seconds. 

3 Wash in tap water 

4 Float section on slide and examine 

5 Polychrome Methylene Blue Solution— 1% 
aqueous solution made fresh once a month 

6 This stain may be used with unfixed tissue 
but tissue fixed in formalin is preferable 

7 Results 

a. Nuclei stain blue to purple 
b Remaining tissue stains reddish. 


F, Fat Stain (Sudan IV) 

1 Cut frozen sections 

2 Dip m 70% alcohol 

3 Stain in Sudan IV — 3 to 5 min. 

(Staining should be done in a cot crcd vessel 
to prevent precipitation due to evaporation 
of acetone ) 

4 Wash quickly in 70% alcohol 

5 Wash in water 

6 Stam nuclei in hematox)bn (Hams’ solu 
tion) — 1 to 2 mm 

7 Wash in water 

8 Mount in gl)cenn (temporary mount) or 
glycenn jelly 

9 Results 

a Fat stains orange to red and cholesterol 
less brilliantly red, normal myelin and 
fatty acids do not stain 
b Nuclei stain blue 

10 Sudan IV Stum (scarlet red) 

Scarlet red 1 gm. 

Alcohol (70%) JO cc. 

Acetone, cp JO cc. 

Keep in a tightly stoppered bottle and filter 
before using 

V. Staining Methods 

A. Hematoxylin and Eo$ln Stain. 

1 Place secuons fixed on slides m a Cophn 
jar or other staining dish 

2 Remove paraffin with two changes of xylol 
—5 min. each. 

3 Absolute alcohol — 5 min 

4 95% alcohol — 3 nun. 

5 80% alcohol — 3 mm (If tissues have been 
fixed with Zenker s solution, add enough 
Lugo! s solution to the 80% alcohol to give 
a port wine color and leave tissues w it 
for 5 minutes, after which they are placed 
in a 5% solution of sodium thiosulfate for a 
few seconds ) 

<S Tap water — 3 min. 

7 Stain in hematoxylin solution — 5 to 8 nun. 
(filter stain before using) 

8 Wash the stained sections thoroughly in 
running tap water 

9 Decolorize m acid alcohol until sections are 
of a reddish hue 

10 Wash thoroughly in tap water and place 
sections in dilute ammonia water until the 
bluish purple color is restored. 

11 Wash m tap water 

12 90% alcohol — 5 min 

13 Counterstam in eosm solution — 1/2 to 1 
min. 

14 Rinse in 95% alcohol. 

15 95% alcohol — 3 mm 

16 Absolute alcohol, 2 changes — 5 mm each. 
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1? Carbol xylol — 2 min 

18 Gear in xylol, 2 changes — 5 min each. 

19 Mount in Canada balsam, dance, or pcr- 
moant 

20 Label slide on left side 

21 Results 

a. The nuclear structures retain the basic 
dye of hematoxylin and remain blue 
b The c) toplasm stains red with the eosin. 
c Connective tissue fibers stain red 

22 Staining Solutions 

a. Hematoxylin (Ham?) solution 


Hematoxylin 5 Ogm 

Alcohol (95%) 500 cc. 

Alum (ammonium or potassium) 100.0 gm 

Distilled water 1000.0 cc. 

Mercuric oxide 2S cc 


1) Dissolve the hematoxylin crystals m 
the alcohol in a beaker 

2) Dissolve the alum in water in a 2 
liter pyrex flask with the aid of heat 
and add the hematoxylin solution 

3) Bnng to a boil as rapidly as possible 
and then add the mercunc oxide 

4) Tile solution assumes a dark purple 
color 

5) Remove the vessel containing the so- 
lution from the flame and cool im- 
mediately by plunging into cold 
water 

6) Filter before using 
b Eostn solution 

Eosin Y (alcohol water soluble) 2S gm 

Alcohol (90%) lUOOOcc 

Hydrochloric acid (0 1 N) 40U cc. 

1) Dissolve eosin in the alcohol 

2) Add the hydrochloric acid which 
enhances the staining reaction 

c Acid alcohol — 0 25% hydrochloric acid 
in 70% alcohol 

d Dilute ammonia •water — 5 drops of am 
momum hydroxide to 100 cc of distilled 
water 

e Carbol xylol — dissolve 1 part of melted 
carbolic acid crystals (phenol) in three 
parts of xylol 

B Iron Hematoxylin (Heidenhtari’t) Slain, 
1 Tissues fixed in any of the above fixatives 
stain well by this method 
2. Cany paraffin sections through xylols alco- 
hols, and water a* described under hema- 
toxylin and eosin stain 

3 Mordant the deparaffinized sections in am- 
monium feme alum solution for 3 to 12 
hours. 

4 Wash in running water for 1 hour 

5 Stain for 1 to 3 hours in 1% hematoxylin 
solution. 


6 Wash in running water for 30 minutes. 

7 Differentiate in the ammonium feme slum 
solution — controlling the results by exanun 
mg the tissue with the microscope 

8 Wash in running water for 15 to 60 min 
utes. 

9 If desired, sections may be counterstaaned 
with van Gieson’s stain or eosin 

10 Differentiate and dehydrate in 95% alcohol 
followed by absolute alcohol 

11 Clear m xylol and mount 

12 Results 

a Chromatin, nucleoli, mitochondria, cen 
moles are stained black 
b Other tissue elements stain with the 
counterstain 

c This is a satisfactory stain for demon 
stratmg mitooc figures, rfuclear details, 
and protozoa. 

1 3 Staining Solutions 

a Ammonium feme alum solution 
Feme ammonium sulfate (use violet 
crystals) 2.5 gm. 

Water, distilled 100.0 cc. 

b Hematoxylin solution — 1 % 

Saturated hematoxylin in absolute 
alcohol (10%) 1 cc 

Water distilled 99 cc. 

C Aniline Blue Stain for Connective Titgue 
(Heidenhain'g Modification of Mallory’s 
Slam). 

1 Tissues fixed in Zenker’s, Bourn’s fluid, or 
formalin stain well by this method 

2 Carry paraffin sections through xylols, al 
cohols, and water as desenbed under hema 
toxyfin and eosin stain 

3 Place the deparaffinized sections in azo- 
carmine solution in a glass-covered dish, 
stain m the paraffin oven at 51° to 55°G 
for 45 to 60 minutes, and then cool to 
room temperature for 5 to 10 minutes. 

4 Wash m distilled water 

5 Differentiate m an alcoholic solution of 
aniline 

Aniline 1 cc 

Alcohol (90%) 1000 cc. 

6 Rinse in acetic acid alcohol for 30 seconds 
to 1 minute 

Acetic acid, glacial 1 cc. 

Alcohol (95%) 100 cc 

7 Mordant in 5% aqueous solution of phos- 
photungsbc acid for I to 3 hours 

8 Wash quickly in water 

9 Stain in aniline blue solution 30 minutes to 
1 hour 

10 Wash quickly m water 

11 Differentiate in 95% alcohol followed by 
absolute alcohol 
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12 Gear in xylol and mount. 

13 Remits 

a. Collagen and reticulum stain intense 
blue 

b Chromatin, muscle tissue, and erythro- 
cytes stain red 

c Neuroglia stains reddish and moan 
stains blue 

14 Staining Solutions 

a. Azocarmme solution 

Aiocarmine B 025 1 gm 

Water distilled 100 cc 

Acetc acid, glacial 1 cc. 

1) Dissolve the azocarmine B in water 
and add the glacial acetic acid 

2) If azocarmine G is used add 0 1 gm 
to 100 cc of water hung to a bod 
cool filter, and add the glacial acetic 
acid 

b Aniline blue solution 


Aniline blue 0 5 gm. 

Orange G 20 gm. 

Water d soiled 1000 cc 

Acetic acid glacial SO cc 


1) Boil and filter after cooling 

2) Tor staining dilute this stock solu 
non I to 3 with distilled water 

D Van Gieson't Stain for Connective Tissue 

1 Tissues fixed in any of the above fixatives 
stein well by this method 

2 (Jury paiifnn sections through xylols, alco- 

hols and water as described under hema 
toxylin and cosin stain \ 

3 Stain the deparaffimzed sections for 5 tfcT 20 
minutes in Wiegcrts iron hematoxylin iolu 
don. 

4 Wash m water 

5 Stain for 5 to 7 minutes in van Giesons 
soluuon 

6 Transfer directly to 9 5% alcohol, followed 
by absolute alcohol 

7 Gear in xylol and mount. 

8 Results 

a Collagen steins bnlliant red 
b Smooth and striated muscle cornified epi 
thelium, and neuroglia stain yellow 
c Nuclei stain blue 

9 Solutions 

a. W eigen's iron hematoxylin solution. 
Solution A 

H«natoz>! n 1 gm 

Alcohol 05%) 100 cc. 

Solution B 

Iron chloride (29 /« aqueous solution) 4 cc. 
Water distilled 95 cc. 

Hydrochlor c acid (cone.) 1 cc 

Mix equal parts of Solutions A and B 
fresh before using 


b Van Gteson's solution 

Acid fuchsui (1% aqueous solution) 5 15 cc 
Picnc acid, saturated aqueoui 
solution (1-22%) 100 cc 

Tlie amount of acid fuchsm added de- 
pends on the intensity of stain desired, 
the larger amount is used for tissues fixed 
in Zenker's fluid and for sections of the 
nervous system. 

C. IVelgcrt's Stain for Elastic Fibers 

1 Tissues fixed m any of the above fixatives 
stain well by this method 

2 Carry paraffin sections through xylols, alco- 
hols, and water as described under hema 
toxjlm and eosin stain 

3 Stain the deparaffimzed sections for 5 to 20 
minutes in Weigerts iron hematoxylin solu 
tion 

4 Wash in water 

$ Stain 20 minutes to 1 hour or longer to 
the fuchsin solution 

6 Wash off excess stain in 95% alcohol 

7 If the seettons arc stained diffusely, differen 
tiatc in acid alcohol for several minutes 

8 Wash thoroughly in water 

9 Stain for 5 to 7 minutes in van Gieson’s 
solution 

10 Transfer directly to 95% alcohol followed 
by absolute alcohol 

11 Gear m xylol and mount 

1 2 Remits 

a Clastic fibers and nuclei stain dark blue 
to black 

b Collagen stains pink to red. 
c Other tissues stain yellow 

13 Fuchsm Solution 

Fuchsin, bas c 2 gm. 

Resoreinal 4 gm 

Water distilled 200 cc. 

a. Bring the soluuon to a boil in an enamel 
dish and, when briskly boiling, add 25 
cc of a 29% aqueous soluuon of feme 
chloride 

b Stir and boil for 2 to 5 minutes more, 
a precipitate will form 
c. Cool and filter, the filtrate is discarded 
d Leave the precipitate on the filter paper 
unul it is thoroughly dry 
c. Return the filter paper and precipitate 
to the enamel dish, which should be dry 
but still contain whatever part of the 
precipitate remains adherent to it 
f Add 200 cc of 95% alcohol, heat care 
fully, and sur constantly 
g Remove the filter paper when the pre- 
cipitate is dissolved off 
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h. Coo!, filter, add 95% alcohol to make 
up to 200 cc., and then add 4 cc. of c one. 

\ hydrochloric add. 

i. The solution keeps well for months. 

F. ff'itder’t Silver Impregnation Method far 
Reticulum Fibers. 

1. Tissue fixed in formalin or Zenker’s fluid 
stains well by this method. 

2. Celloidin, paraffin embedded, or frozen sec- 
tions may be used. 

3. Carry sections through xylols, alcohols, and 
from water transfer into a 10% aqueous 
solution of phosphomolybdic acid for 1 min. 

4. Rinse in distilled water. 

5 . Dip in 1% aqueous solution of uranium 
nitrate — 5 secs. 

6. Wash in distilled water — -10 to 20 secs. 

7. Place in ammoniacal silver hydroxide solu- 
tion — 1 min. 

8. Dip quickly in 95% alcohol. 

9. Place in reducing solution — I min. 

10. Wash in distilled water. 

11. Tone in 1-500 aqueous gold chloride solu- 
tion — 1 min. 

12. Rinse in distilled water. 

13. Place in 5% aqueous solution of sodium 
thiosulfate — 1 to 2 min. 

14. Wash in tap water. 

15. Counterstain, if desired, with hematoxylin 
(Harris’ solution) or van Gieson’s solution. 

16. Differentiate and dehydrate in 95% alco- 
hol followed by absolute alcohol. 

17. Clear in xylol and mount. 

IF. Results: 

a. Fine reticulum fibers are stained black, 
collagen a rose color. 

b. This is also a satisfactory stain for neu- 
rofibrils. 

19. Solutions. 

a. Airmioniacal silver hydroxide solution. 

1) To S cc. of 10.2% aqueous solution 
of silver nitrate, add ammonium hy- 
droxide drop by drop until the pre- 
cipitate which forms is dissolved. 

2) Add 5 cc. of 3.1% sodium hydrox- 
ide and )ust dissolve the resulting 
precipitate with a few drops of am- 
monium hydroxide. 

3) Make the solution up to 50 cc. with 
distilled water. 

b. Reducing solution. 

Water, distilled ■*••• 50t> cc. 

Formalin, neutralized with magnesium 

carbonate ^ 

Uranium nitrate, aqueous solution. U cc. 


G. Staining Bacteria in Sections ( Cram • 
Weigert Method). 

1. Tissue is preferably fixed in Zenker’s fluid. 

2. Carry sections through xylols, alcohols, wa- 
ter, and then stain lightly with hematoxylin 
solution. 

3. Wash in several changes of tap water, 

4. Aqueous eosin solution (2.5%) — 5 min. 

5. Wash in water. 

6. Stain in aniline crystal violet solution — 30 
min. 

7. Wash in water. 

8. Gram’s iodine solution — 1 to 2 min, 

9. Wash in water. 

10. Blot with filter paper. 

11. Decolorize in aniline-xylol (equal parts ot 
aniline oil and xylol) until no more color 
comes out. 

12. Clear in xylol and mount 

13. Results: 

a. Gram-positive organisms are deep vio- 
let; gram-negative bacteria do not stain. 

b. Nuclei stain blue to violet; connective 
tissue red. 

14. A section of tissue known to contain bac- 
teria should be stained simultaneously with 
the unknown section to serve as a control 
on the stain. 

15. Sterlings Crystal Violet Solution. 

Crystal violet J gm 

Alcohol, absolute 10 cc. 

Aniline oil 2 cc. 

Water 88 cc. 

Solution keeps well. 

H. Stain for Tubercle Bacilli in Section*. 

I. Tissue fixed in alcohol, formalin, or Zenk- 
er’s fluid stains well by this method. 

2. Carry paraffin sections through xylols, al- 
cohols, and water as described under hema- 
toxylin and eosin stain. 

3. Stain the deparaffinized sections with carbol- 
fuchsin solution for 30 minutes in a 56 (, C 
oven. 

4. Cool in the refrigerator for 30 minutes and 
rinse well in tap water. 

5. Decolorize in acid alcohol (1% HC1 in 70% 
alcohol) to a faint pink. 

6. Wash thoroughly in running tap water for 
10 minutes. 

7. Countersram in methylene blue solution — 
30 sec. to 1 min. 

8. Rinse in distilled water. 

9. Differentiate in 95% alcohol and dehydrate 
in absolute alcohol. 

10. dear in xylol and mount. 
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Remits: 

a. Tubercle bacilli stain brilliant red, 

b. Nuclei stain dark blue and other struc- 
tures a lighter blue. 

A section of tissue known to contain tuber- 
cle bacilli should be stained simultaneously 
with the unknown section to serve as a 
control on the stain. 


13. Solutions. 

a. Carbol-fuchsm solution. 

Nad solution (10%) 3 ce. 

Zichl-Neelsen carbol-fuchsin rain ... 100 cc. 
Mix fresh before staining, 
b Methylene blue solution — dilute Locf- 
fler’s methylene blue solution 1-10 with 
distilled water. 



Basal Metabolism 


Metabolism is the sum total of all the physical 
and chemical processes by which living tissue is 
produced and maintained. It includes the trans- 
formation by which energy for muscular ac- 
tivity, production of heat, and maintenance of 
vital functions is made available for use by the 
organism. Metabolism may be subdivided into 
anabolism (assimilative process) and catabolism 
(destructive process). 

Basal metabolism is the basal or minimal 
amount of energy (heat) produced by an in- 
dividual measured 12 to 16 hours after eating 
when the individual is as nearly as possible at 
complete mental and physical rest, but not 
asleep. It is the energy expended under basal 
conditions to maintain respiration, circulation, 
peristalsis, muscle tonus, body temperature, 
glandular activity, and other vegetative func- 
tions. Measurement of this minimal metabolism 
is made by means of a calorimeter — the heat 
produced is expressed in large calories. A large 
calorie is the amount of heat necessary to raise 
the temperature of one liter of distilled water 
from 15° to 16°C The basal metabolism is 
proportional to the surface area of the body and 
varies with the age and sex of the individual. 
The basal metabolic rate (B M.R.) is the per- 
centage variation from the normal for an in- 
dividual of the same surface area, age, and sex. 

I. Methods of Measuring Basal Metabolism. 

A. Principle of Direct Colorimetry. 

1. The rate of heat production expressed in 
Calories may be measured directly from a 
temperature change as in the determination 
of the heat combustion of various foods. 

2. Respiratory chambers or especially equipped 
rooms may be used to measure the gaseous 
exchange as well as the heat produced. This 
method is not applicable to routine labora- 
tory tests and is used chiefly in research 
work. 

B. Principle of Indirect Calorimetry (Qoscd 
Method). 

1. Oxygen consumption can be used as an in- 
dex for calculating heat production because 
one liter of oxygen produces a known num- 
ber of Calories when it is completely used 
in combustion. 


2. The patient breathes into and out of a con- 
tainer of oxygen either for a fixed length of 
time, during which the decrease in volume 
of oxygen is noted (Benedict-Roth and San- 
born apparatus), or during the absorption 
of a fixed volume (one liter) of oxygen, 
for which the time required is noted (Jones 
apparatus). The carbon dioxide expired by 
the patient is absorbed by soda lime placed 
in tne container. 

I The rate of heat production per hour per 
square meter is determined from the rate 
or utilization of oxygen. 

IL General Considerations. 

A. Patient must be in a Basal Condition. 

1. Completely relaxed, physically and mentally. 
(If the pulse rate increases more than a few 
points, it denotes some cause of disturbance.) 

2. No voluntary movements during the deter- 
mination. 

3. Completely rested (at least 8 hours sleep). 
4 No apprehension of test — the results of the 

first basal metabolism should be discarded 
and considered only as a practice test. 

5. Normal temperature; the metabolic rate rises 
7 per cent with each degree Fahrenheit of 
fever. 

6. Must be in a postabsorptive state. 

7. Medication. 

a. No thyroid extract for at least 1 to 3 
weeks depending on the dose. 

b. No caffeine, adrenalin, or sedatives for 
at least 24 hours. 

B. Care of Machine for Indirect Calorimetry 

(see Fig. 33). # 

1. Soda lime must be changed after 35 to 40 
tests. 

a. Progressive increase in respirations with 
lengthening of each successive breath in- 
dicates an exhausted soda lime supply. 

b. To test the soda lime, allow some of tne 
oxygen left in the tank to bubble through 
a solution of 10% barium hydroxide; if 
there is any CO, present, the solution will 
become cloudy. 

2. The Butter valves must be changed when 
they lose their elasticity and the lips fail to 
close properly. 
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3. Test for an oxygen leak in the machine. 

a. Place recording paper around the kymo- 
graph dram, 

b. Fill the spirometer chamber with oxygen 
and mark its height on the recording 
paper with the pen. 

c. See that all connections are turned tight- 

■y- 

d. Place testing weight on bell and leave 
overnight. 

e. If there is a leakage of oxygen, the bell 
will be lower than when filled and the 
pen will be at a higher level than the 
original mark. 

4. The clock should be checked occasionally 
with a stop watch. 

5. Change oxygen tank when empty. 

III. Instructions for Patient. 

A. Out Patient. 

1. Eat a light supper (very little protein) not 
later than 7 o’clock the night before the 
test. 

2. Go to bed early (by 10 o’clock at least). 

3. Upon arising in the morning, dress slowly; 
do nor rush. 

4. Do not cat any breakfast; this means noth- 
ing to eat or drink except water. 

5. Do not smoke. 

6. Come to the hospital with as little exertion 
as possible. 

B. Hospital Patient. 

1. Should have a light supper the night before 
the determination. 

2. Given no breakfast. 

3. If in a private room, the test is taken at the 
bedside as soon as possible after the patient 
awakens. 

4. If in a ward, the patient is taken to the 
metabolism room in a wheel chair and must 
rest for 30 minutes after being put to bed. 

IV. The Teat. 

A. Machine Before Test. 

1. Wrap recording paper rightly around kymo- 
graph drum and paste in place with gummed 
paper. 

2. Fill cup of recording pen with ink. 

3. Wind clock. 

4. Test water level in spirometer; should be 3 
inches from top. 

5. By means of a rubber tube, connect the oxy- 
gen compression cylinder to the pet cock on 
the machine for introducing oxygen gas. 

6. Admit oxygen into the spirometer chamber 
until the pen comes within 2 inches of the 
bottom of the paper. Close valve on gas 


tank and pet cock on machine. 

7. Attach sterile mouthpiece to machine. 

8. Have the following ready: nose clip, towel, 
and weight for testing the machine. 

B. Patient. 

1. If an outpatient, ascertain whether he has 
carried out instructions. 

2. Take the patient’s pulse and temperature; 
if he has any fever, take test on another 
day. 

3. Have patient empty bladder so there is no 
discomfort from distention. 

4. If patient is fully clothed, have him remove 
shoes and take off or loosen any clothing 
that binds the body (girdles, belts, collars, 
etc.). 

5. He must rest quietly in bed for 30 minutes 
immediately preceding the test 

6. The room should be quiet, have subdaed 
lighting and plenty of fresh air and the 
patient must be warmly covered. 

7. Remove any apprehension of the test from 
the patient’s mind and assure him that there 
will be no difficulty in breathing. 

8. Instruct the patient to lie quietly in a com- 
fortable position, to close his eyes, to 
breathe regularly and naturally, ana not to 
think of the test 

9. Explain that the mouthpiece should be in- 
serted so that the flange is between the 
gums and the lips and the tabs between 
the upper and lower teeth; the valve on 
the machine should be turned so the pa- 
tient will be breathing room air. 

10. Apply the nose clip so that the sponge rub- 
ber pads are well down on the nose, press 
them together firmly but gently, and ad- 
just the thumb screw to hold the nose 
clip in this position. 

11. Ask the patient to try to exhale through 
his nose; if he can, the nose clip is not 
tight enough and should be readjusted Until 
this is impossible. 

C. Test. 

1. Close the valve on the machine so the pa- 
tient is breathing oxygen from the spirom- 
eter chamber. 

2. Start the kymograph revolving. 

3. Record the temperature of til e gas in the 
machine. 

4. Take the patient’s pulse. 

5. Allow test to run 6 minutes. 

a. After 3 minutes, place a leak tester 
weight (about 50 gm.) on top of the 
bell and leave it there until the pen 
crosses the next line. 
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b In case there is a slight leak around the 
nose clip mouthpiece, or breathing tube 
connections this added weight on top 
of the bell will cause the oxygen to es- 
cape faster and the respirations will 
assume a steeper angle (see Fig 33) 
c. If there is a leakage, readjust mouthpiece 
and nose clip 

6 Refill spirometer with oxygen and repeat 
tvst for snathes 6 miuutts 

7 Remove nose clip and mouthpiece 

8 Record temperature of gas in the machine 

9 Take patient s pulse 

10 Obtain patient's height (stocking feet) and 
weight, subtracting for clothes up to 2 
lbs depending on amount of clothing 

11 Record age and sex of patient. 

D Machine After TcsL 

1 Disconnect breathing tubes so any moisture 
that may have collected in them will drain 
out 

2 Place wire in pen point and a small strip of 
blotter tn ink cup 

3 Cover machine 

4 Wash mouthpiece and nose clip with soap 
and water 

5 Sterilize mouthpiece by boiling in water 
for 3 minutes. 

V Calculation. 

A. Calories of Heat Produced per Hour 
! Using the ruler, draw the ox) gen con 
sumption line 

a Select the portion of the graph which 
presents the most uniform trend and 
draw the line according to the general 

s'lUpt 

b This line should be close to but pref- 
erably under the expiration points 
avoiding intersection of the deeper ones 

2 Draw a similar line for the second 6 min 
utes graph this should be practically para! 
lei to that of the first 6 minute period 

3 Measure in millimeters the nsc m height 
of the oxygen consumption lines during 
each 6 minutes (For each degree rise in 
temperature in the spirometer bell, 0 5 mm. 
must be added to the rise in consumption 
line ) 

4 The two lines should check within 5 per 
cent. 

5 Determine the volume of oxygen used in 
cc. by multiplying the nse in millimeters 
by 2073 cc. This is the number of cc. in 
a base area of the spirometer ! mm in 
height, a constant for the Bened ct Roth 
machine. 


6 Make calculations for both oxygen con 
sumption lines. 

7 Correct for barometric pressure (BP) 
temperature in degrees centigrade (T), and 
moisture by using a chart or by the fol 
lowing formula 

Factor — 0.0012 X BP + 0.001 (4J5 (30 — T) — 521 

8 Determine cc. of oxygen absorbed for one 
hour by multiplying the amount obtained 
in 6 minutes by 10 (all previous calcula 
dons were for 6 minutes) 

9 Calculate the number of Calones of heat 
by multiplying the number of liters of oxy 
gen per hour by 4 825 (cc of oxjgen must 
be changed to liters by dividing by 1000) 

10 The Benedict Roth machine is so made that 
the area of the base of its spirometer bell 
when multiplied by 10, divided by 1000 
and multiplied by 4 825 equals 1 There 
fore, one millimeter rise in the ox) gen con 
sumption line is equal to one Calorie of 
heat. Thus the calculation is reduced to 
multiplying the height of the ox) gen con 
sumption line by the correction factor for 
the barometric pressure and temperature 

A X 2073 X B X 10 X 4-8 IS _ « x t. 

1000 

A = nse of oxygen consumption line in mm. 

B = correction factor for barometr c pressure, 
temperature and moisture 
B Calories According to Surface Area. 

1 Surface Area in Square Meters 

a Using the height and weight, obtain the 
surface area from a standard chart, 
b If a chart is not available DuBois* formula 
can be used. 

Y. Y, im 

5 .A. = surface area in sq cm 
Wt = we gbt in leg 
He. = he ghc m cm. 

2 The Calones per square meter of surface 
area is obtained by dividing the Calones per 
hour by the surface area 

3 Using formula in A 10 

A XB _. . 

= Calones per tq m per hr 

C. Basal Metabolic Rate 

1 Obtain the standard Calones per square me- 
ter per hour for a normal person of the 
same sex and age from a standard chart 
(Aub DuBois Boothby and Sandiford, Har 
ns Benedict, Benedict Talbot, or Benedict 
Hindry Baker) 

2 Calculate the percentage above or below 
normal by the following formula 

Patient’* Calones — Standard X 100 _ n „ 

— — B M.K. 

Standard 



BASAL METABOLISM 


347 


VI. Possible Errors. 

A. Patient may hate difficulty in breathing 
because of the [allotting z 

1. Moist soda lime. 

2. Water in base of machine or in breathing 
tubes. 

3. Flutter valve stuck together. 

B. A False Low B.M. R. may be due to: 

1. Oxygen leaking into spirometer through ox- 
ygen pet cock. 

2. Inefficient or moist soda lime. 

3. Gock running too fast. 

C. A False High B.M, R. may be due to: 

1. Leaks around nose clip or mouthpiece. 

2. Leakage around attachment of rubber tubing. 

3. Leakage of oxygen from spirometer. 

4. Gock running too slow. 

VIL Interpretation. 

A. Normal B.M. It.: 15 per cent. 

B. Factors Influencing Based Metabolism. 

Age and sex 

Surface area 
Athletic training 
Climate and altitude 
Sleep 

C Decreased Metabolism found in: 

Starvation and undemutrieion 
Obesity due to pituitary or hypothalmic dis- 
orders. 

Hypothyroidism 
Hypopituitarism 
Simmonds disease ( — 40%) 

Addison’s disease ( — 20%) 

Lipoid nephrosis 
Shock 

Arterial hypotension 

D. Increased Metabolism found in: 
Hyperthyroidism (exophthalmic and toxic 
goiter) 

Fever 

Diabetes insipidus 

Cardiorenal disease with dyspnea (+25 to 
+50%) 

Leukemia (+20 to +80%) 

Polycythemia (+10 to +40%) 

Acromegaly (early stage) 

Pituitary basophilism (Cushing’s disease) 

Hypercorticoadrenalism 

Essential hypertension 

Severe anemia 

Sprue 

Osteitis deformans (Paget’s disease) 


E. Causes of False Increase in the B.M. It. 
Shivering, tremors, exertion during test. 
Digestion and absorption of food before test 
Smoking 

Mental state of patient 
Premenstrual increase 
Pregnancy after 5 months 
Pain and discomfort 
Fever 

Labored breathing or excessive pulmonary 
ventilation. 

Increase in pulse rate 


Vila! Capacity 

I. Method (Benedict'Rotb Metabolism 
Machine). 

A. Machine. 

1. The spirometer bell must be at its lowest 
point. 

2. Place chart on kymograph so the pen will 
touch the top of the vital capacity section. 

3. Fill the pen with ink. 

4. Open the two-way breathing valve at the 
mouthpiece so that it is connected to the 
machine — not to room air. 

5. Raise the flexible arm with the breathing tubes 
and valve to a height so that the open end is 
directly in front of his mouth when the patient 
is standing in front of the machine. 

6. Connect the short rubber tubing to the open 
end of the two-way valve and insert the vital 
capacity mouthpiece into the other end. 

B. Patient, 

With the patient standing, have him take- a 
full breath, filling the lungs to the utmost, 
dose off the nostrils with the thumb and 
forefinger, and exhale into the machine. 

2. Hie pen will make a straight line downward 
as the bell rises to the height of the ex- 
halation. 

3. After the exhalation peak has been reached, 
the bell will sink ana the pen return to its- 
starring point. 

4. Take 2 or 3 readings. 


C. Calculation. 

1. Read the vital capacity directly from the 
chart, reporting the reading showing the 
greatest capadty. 

2. Obtain the patient’s normal vital capadty by 
multiplying bis body surface in square meters 
by 2500 cc. for men and 2000 cc. for women. 

3. Calculate the per cent of normal. 

Pat ient s Capaci t y 100= _ 1 0 f n0mia l. 

Normal Capacity r 
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IL Decreased Vital Capacity due to the 
following! 

k. Condition* Directly Invoicing the Lungs. 
Pneumonia 

Pulmonary tuberculosis 

Emphysema 

Silicosis 

B, Mechanical Interference tcith Expansion 
of Thoracic Cavity . 

Abnormalities of thoracic walls 
Restriction by pain 


Interference of movement of the diaphragm 
by abdominal condition. 

C. Intrathoracic Conditions. 

Pleural effusion or adhesions 
Pericardial effusion 
Pneumothorax 

Tumors 

D. Heart Disease. 

Pulmonary edema 

Passu e congestion of the lungs 



Electrocardiography 


The electrocardiogram is a picture that ex- 
presses certain eJectrophysioIogic phenomena 
manifested by the heart during the process of 
contraction When the heart muscle contracts, 
the active part becomes electronegative to the 
inactive part. In this way an electromotive force 
is set up with positive and negative potential 
differences that are led off ana are recorded 
by an electrocardiograph machine When the 
entire heart becomes active, both poles become 
negatively charged and no flow of current takes 
place in the outside circuit The muscle is then 
in an isoelectric state, but negatively charged 

L Electrocardiograph Machine 
(Cambridge Type). 

A. Principle: The flow of current from the 
heart is conducted through a galvanometer 
string inducing lateral deflections in ir These 
deflections appear as a continuous shadow 
on photographic sensitive paper which is 
moving at a desired speed They are mag- 
nified 600 diameters and brought to focus 
by an optical system consisting of an arc 
light, a condenser, and a microscopic lens 
(see Fig 34) 


Galvanometer 

iton V 


3 The shadow of the string moves from side 
to side leaving upon the developed film a 
white line that vanes in thickness according 
to the rare at which the string is moving 

4 Due to the extreme fragility of the stnng, 
it is kept taut and protected whenever the 
machine is not in use 

C. Galvanometer Lamp and Condenser. 

1 The lamp has a special straight line filament, 
rated at 0 5 ampere, 4 volts 

2 When a new lamp is inserted into the ma- 
chine, the condenser tube must be adjusted 
so that the image of the filament just fills 
the field of light. 

3 The rear focusing nut must be adjusted anal 
satisfactory definition of the picture is ob- 
tained 

a Too little ‘backoff” will give pictures- 
which have a black background, but theJ</ 
string shadow is indistinct and the time ' 
lines appear ro show through the sfftng r 
b Too much “backoff” gives piclpresAn V 
Which the, stnng shadow may *be/£ood, 
but the background is too pale , 

_ •/ 



Lamp Condensing 

system * 




Photographic 

recorder 



Projecting 
system ' 


FlQ. 34 DIAGRAM OF THE PRINCIPAL PARTS OF A SlPlNa ELECTROCARDIOGRAPH Machine. 


B. Galvanometer String. 

1 It is a straight conducting strand lying 
vertically between the two poles of a power- 
ful magnet 

2 It is a finely drawn tjuartz thread, from 
0002 to 0005 mm m diameter, coated thin- 
ly by a film of platinum, gold, or silver 


D. microscopic Lens. 

1 The cylindrical lens bpngs the light to a 
focus 

2 It is ruled in millimeter spaces and these 
lines are photographed on the film as it 
travels making the horizontal lines on the 
film. 
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3 The space between each horizontal line (1 
mm ) is equivalent to 0 1 millivolt of cur- 
rent after proper standardization while the 
space between every fifth horizontal (heavy) 
Ime (5 mm.) represents a deflection of 0 5 
millivolt standard current 

4 Each electrocardiogram is standardized so 
that one millivolt of current causes a 10 
mm (1 cm) excursion of the string 

a If it is less, the string must be slackened, 
b If it is more, the stnng must be oght- 
cned 

c The deflection must be accomplished in 
0 02 seconds or less and there must be 
no overshooting before it reaches a new 
level 

d A standardization must be done for each 
lead 

5 This standardization permits ready compari- 
son of electrocardiograms from different in- 
struments 

E. Time Marker. 

1 A toothed wheel driven by an electrical cur- 
rent and controlled by a timing fork revolves 
and cuts the beam of light at regular in- 
tervals of one-twenty -fifth of a second, 
making the vertical white lines on the film 
Every fifth tooth on the wheel is larger than 
the others and makes a wider white line on 
the film. 

2 On the electrocardiogram the space between 
each vertical line represents 0 04 seconds, 
while that between every fifth vertical line 
(heavy) represents 0 20 seconds 

F. Battery. 

\ The bittcrv used uv a large roachmt is an 
Everready No 950, while a No 935 is used 
in a portable machine 

2 It brings the standardizing current to 1 nulb- 
ampere 

3 The current must be reversed when the 
string cannot be brought back to the center 
of the field. 

G. Camera. 

1. The upper film box contains the photo- 
graphic paper or film. It has an automatic 
shutter which prevents the exposed paper 
from being light struck through the narrow 
aperture 

2 To refill, remove the box from the machine 
and place the roll of paper m the box in a 
dark room The film for a portable machine 
need not be changed in a dark room 

3 The camera motor drives the photographic 
paper past the aperture at about 12 5 revo- 


lutions per minute. The camera motor runs 
independently of the time marker. 

4 A wlutc mark is painted on the edge of the 
camera pulley for convenience in noting the 
revolutions 

5 The lower film box catches the exposed 
paper 

II. Electrodes. 

1 The electrodes are made of German silver 
and arc attached to the patient at specific 
locations, both wrists ana the left ankle 

2 The exploring electrode used in taking the 
precordial leads (Lead IV) should be a cir- 
cular disc less than 3 cm m diameter. 

3 Because the electrodes are not in direct con- 
tact with the heart itself, they are called 
‘indirect leads”, however, when one elec- 
trode is placed over the heart (precordial 
leads), they arc called “scmidirect leads ” 

IL Care of the Machine. 

] When not in use, the main switch should 
be kept at the “off” position, the electrode 
cable in place, and the cover over the top 
of the machine. 

2 Remove the electrical connection and ground 
wire 

3 The electrodes should be kept dean at all 
times and sandpapered occasionally 

4 The batten,’ should be checked periodically 
with the voltmeter using the selector switch 

5 The film box should always be in the ma- 
chine except when developing films. 

III. Method of Taking an Electrocardiogram 

A. Machine. 

\ Connect power supply cable to wall socket. 

2 Attach grounding wire to a dean metallic 
surface free from paint or corrosion on a 
cold water pipe or radiator 

3 All electrical apparatus in the room should 
be disconnected, such as lamps, radios, fans, 
etc 

B Applying Electrodes to Patient. 

1 The patient should be completely relaxed 
and at ease, preferably lying down. 

a. It is important to designate the position 
of the panent while taking a particular 
electrocardiogram 

b Follow up grams should be made in the 
same position 

2 Squeeze one-half inch of lubricating jelly 
onto the skin of the outer or inner fore- 
arms, the outer or inner left leg just above 
the ankle (not over the hone), and on the 
chest over the heart. 
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} Rub the jelly briskly into the skin with a 
tongue depressor covering an area slightly 
greater than the electrode (3"x 2") until a 
slight erjthema is produced If the skin is 
very hairy, oily, or hard, massage longer than 
usual 

4 Immediately strap one electrode on each 
arm and on the left leg 
a They should be just tight enough so 
that die electrode does not slide over the 
skin when moxed gently by hand 
b Do not strap too tighdy or they may 
produce muscle tremor in the electro- 
cardiogram 

5. The patient holds the exploring (precordial) 
electrode with one hand by placing the in- 
dex finger on the top of the handle, suffi- 
cient pressure is exerted to hold the elec- 
trode securely to the chest. 

6 If the electrodes are applied correctly, the 
skin resistance should not exceed 2000 ohms 
In case higher resistance is obtained or if the 
string shows a tendency to wander, remose 
the electrodes, wipe skin clean, and reapply 
the lubricating jelly 

7. After taking tracings, remove the electrode 
jelly from the skin with a damp sponge 
or cloth, rinse electrodes in warm water, 
and dry thoroughly 

C. Operation of the Machine. 

1 Connect the lead wires to the electrodes 
on the patient. 

a The red lead tip goes to the right arm 
b The white to the left leg 
c The black to the left arm 
d The brown to the exploring electrode 

2 The lead selector and compensator knob 
should be set at “0 ” 

3 Turn the electricity on by turning the 
mam switch to “on ” 

4 Center the string by means of the center- 
ing lever 

5 Focus the string by turning the focusing 
nut until the string shadow appears dense 
with very narrow bright bands along both 
edges 

6 Standardize the string so that its shadow 
motes just 3 cm when 3 millivolts of cur- 
rent are introduced into the circuit from 
the battery If adjustment is necessary, turn 
wheel on the suspension cover plate until 
the correct deflection is obtained 

7 Make connection between Lead I and the 
galvanometer 

a The current from the body is not 
thrown into the circuit in full force 
at one time but through several levels 


of extra resistance by shunts 

1) At each stage neutralization of the 
body current is accomplished by 
moving the compensator so th3t the 
string is recentered 

2) On the portable machine there is 
only one shunt, while larger machines 
have two (first 1 100, then 1 10) 

b This is to prevent a relatively strong 
current from causing a sudden wide 
sharp deflection of the galvanometer 
string which might cause it to break or 
its metallic coating to become separated, 

8 Standardize the string again so tnat one 
millivolt of current causes a 1 cm excursion 
of the string when the selector switch is in 
position T” (never standardize the string 
before “I” is reached) 

9 Turn the camera on and number the film 

10 Allow the film to run about 15 seconds, 
during this time record the sensitivity ol 
the string by applying the standardizing 
impulse of one millivolt. 

11 Return the compensator knob to zero 

12 Repeat procedure from 7 for lead II, ad- 
jusnng the selector switch to positton “II ” 

13 Repeat again for lead III, adjusting the 
selector swatch to position III 

14. Repeat again for lead IV-F. 

a. The patient holds the exploring elec- 
trode in position on the chest (see 
III B). 

b The selector switch is adjusted to po- 
sition “IV'." 

c If the machine has only 3 lead wires 
remove the lead wire from the left leg 
and attach to the exploring electrode, 
then place the lead wire from the right 
arm to the electrode on the left leg 
The selector switch is adjusted to po- 
sition “11“ 

15 When all the leads desired are recorded, 
cut the film. 

16 Turn the lead selector and compensator to 
" 0 ” 

17 Tighten the string to one-third normal 
sensitivity by pressing the standardizing 
level to 3 millivolts position and turning 
the string tension adjusting wheel to the 
left until the string deflects about 1 cm for 
3 millivolts. 

18 Turn the switch to the machine to “off’ 

19 Remove the electrodes from the patient. 

D Developing the Film. 

1 Remove film box and take to the dark room 

2 Take out film when room is dark and place 
m water until completely wet. 
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3 Place in developer for 2 to 4 minutes de- 
pending on age and temperature of the 
developer 

4 Wash in water and place in h)po solution 
for 10 to 20 minutes or unol the film be- 
comes completely fixed 

J Wash in running water for 10 to 30 min- 
utes 

6 Roll out on chromium or ferrotype boards 
with exposed side down to dry This pre- 
vents the film from curling 

E. Cutting Film to Place in Mounts. 

1 Cut film to fit mounts 

2 Include one standardization in each lead 

3 Include any abnormal beats, such as ectopic, 
even if one must exclude the standardiza- 
tion which can be added separately, but do 
not include artifacts 

r. Artifacts — bizarre and irregular deflections 
in the tracing which are due to mechanical 
defects of the instrument (extrinsic) or mus- 
cular movements of the patient (intrinsic 
origin) 

1 Intrinsic Ongm. 

a. Muscular tension, tremor, or tic 
b Voluntary muscular contractions 
c High skin resistance 

2 Extrinsic Ongm. 

a High resistance of electrodes, 
b Varying resistance with polarity 
c Loose or unclean contacts, 
d Extraneous currents 
e Improper neutralization of skin current 
f Inaccurate standardization, 
g Too loose string 
h Poor illumination 



i Faulty action of time marker or camera 
j Defective development or printing of 
record 

IV. Relation of the Leads to the Heart. 

A. Indirect Leads record the action of the 
heart muscle by placing the electrodes on 
the extremities (see Fig 35) 

1 Lead I is from the nght arm to the left arm 
across the base of the heart 

2 Lead II is transversely across the heart from 
the nght arm to the left leg 

3 Lead III is along the left border of the heart 
from the left arm to the left leg 

B. Semidirect (Precordial) Leads. 

1 These are made by placing the explonng 
electrode over the precordial region 

2 The indifferent electrode is on the left leg 
(IV-F), see Fig 35 

3 If only one fourth lead is taken, the pre- 
cordial electrode is placed at the extreme 
outer border of the apex beat. If the apex 
beat cannot be located, the electrode is placed 
in the fifth intercostal space lateral to the 
left midclavicular line 

4 If all six precordial leads are taken, the ex- 
plonng electrode is placed in the following 
positions 

a Right margin of the sternum (Cl) 
b Left margin of the sternum (C2) 
c Line midway between the left margin of 
the sternum and the left midclavicular 
line (C3) 

d Left midclavicular line (C4) 
c Left antenor axillarj line (C5) 
f Left midaxillary line (05) 

V. Interpretation of a Normal 
Electrocardiogram 

A. Correlation of the Electrocardiogram with 
the Action of the Heart (Sec Fig. 36). 

1 The P wave is due to auncular contraction. 

2 The P-Q (or P-R) interval represents time 
required for the elcctncal impulse to pass 
from the smo-auncubr node through the 
aundes, the aunculo-v entncular node, and 
the conduction apparatus down to the termi 
nal arborizations 

3 The QRS complex begins with the earliest 
invasion of the ventricular myocardium by 
the impulse and ends when every part of the 
ventricular muscle has been completely in 
volved 

4 The S-T (or R-T) segment represents the 
penod of electrical activity of the heart when 
the entire ventricular musculature has been 
fully invaded by the electrical impulse. 
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5. The T wave represents the recession of the 
electrical impulse in the ventricles. 

6. The Q-T interval represents the entire rime 
required for depolarization and repolarizarion 
of the ventricular musculature. 

7. Occasionally U waves are seen after the T 
waves, their origin is still debatable. 

B. Routine for Reading Electrocardiogram >. 

1, Determine the rate of the heart. 

a. Count number of cycles in 6 inches of the 
electrocardiogram. 

b. Multiply by 10 to obtain rate per minute. 

2. Determine the axis deviation present, 

a. If the algebraic sum of the positive (above 
isoelectric line) 3nd negative (below) de- 
flections of the QRS complex (measured 
in mm ) is positive in each of the first 3 
leads, or if it is zero in the first or third 


lead and the other 2 leads arc positive, the 
electrical axis is normal. 

b. If the algebraic sum is positive in the first 
lead and negative in the third lead or in the 
second and third leads, it indicates left 
axis deviation. 

c. If the algebraic sum is negative in the first 
lead and positive in the second and third 
leads, or negative in the first and second 
leads and positive in the third, the tracing 
is that of right axis deviation. 

3. Observe any irregularities of rhythm. 

4. Look for abnormalities of the P wave. 

5. Determine the P-R interval (normal 0.12 to 
0.20 seconds). 

f>. Look for abnormalities of the QRS complex. 

7. Determine the QRS interval (normal 0.06 to 
0.10 seconds). 

8. Observe any abnormalities of the T wave and 
the ST interval (normal 0 to 0.15 seconds). 



Solutions Used in Routine Tests 


1 Anliseptic Wash. 

Formalin 4 cc. 

Ethyl Alcohol (70%) 1000 cc. 

II, Preparation of Percentage Solutions of 
Alcohol. 

A. To prepare from 95% alcohol: 

x = desired amount of diluted alcohol. 
y= desired percentage (expressed as a deci- 
mal). 

t» amount of 95 % alcohol required. 

B. Example: Prepare 500 cc. of 70% alcohol. 

"* * 7)^1 = 368 ‘* cc. of 95% alcohol plus 

131-6 cc. of distilled water. 

ITT. Iodine Solution for Disinfecting 
Purposes. 

Iodine Crystals 3J gm. 

Poaoiam iodide 2 J gm. 

Distilled water 270 cc 

Ethyl Alcohol (95%) 73.0 cc. 

IV. Cleaning Solution. 

A. Dissolve 100 gm. of technical sodium dichro- 
mate in 100 cc. of water with the aid of heat. 

B. Add 500 cc. of technical sulfuric add to 500 
cc. of water and add the dissolved dichromate 
to this hot solution. 

V. Physiologic Salt Solution. 


Sodium chloride, c.p SJ gm. 

Distilled water to make 1 liter. 

Solutions for Urinalysis 
I. Benedict’* Reagents. 

A. Qualitative Solution. 

Copper solfate (pore crystalline, 

CuSOWHjO) 17-3 gro. 

, Sodium citrate, c.p. 3 73-0 gm. 

Sodinm carbonate (anhydrous) 1 00.0 gm. 

(or 200 gm. of crystalline, I^COs* IOH 2 O) 

Distilled water to make 1 liter. 

1. Dissolve the citrate and carbonate in about 600 
cc. of water with the aid of heat and filter. 

2. Dissolve the copper sulfate in 100 cc. of water 
with heat and pour slowly into the first solu- 
tion, stirring constantly. 

3. Cool and make up to 1 liter. 

4. This reagent keeps indefinitely.^ 

5. It can not be used for quantitative tests. 


B, Quantitative Solution. 


Copper sulfate (pure crystalline, 

CuS0i*5H20) 18.0 gm. 

Sodium carbonate (anhydrous) 100.0 gm. 

(or 200 gm. of crystalline, NaiCOs’lOHjO) 

Sodium citrate, c.p 200n gm 

Potassium sulfocyanate, c.p. J2J.0 gm. 

Potassium ferrocyanide solution (5%) .... 5.0 cc. 

Distilled water to make 1 liter. 


1. With the aid of heat dissolve the carbonate, 
citrate, and sulfocyanate in about 600 cc. of 
water and filter. 

2. Dissolve the copper sulfate in 100 cc. of water 
with heat and pour slowly into the other fluid, 
stirring constantly. 

3. Add the ferrocyanide solution, cool, and di- 
lute to 1 liter. 

4. The copper sulfate should be weighed on an 
analytical balance. 

5. The solution keeps well. 

6. This solution should be checked by titrating 
with the 1% stock standard glucose solution 
used for blood sugar determinations: 2$ cc. 
of Benedict’s reagent should reduce 5 cc. of 
the standard glucose solution. 

II. Ehrlich’s Reagent (Modified). 

Distilled water 100,0 cc 

Hydrochloric acid (cone) 1500 cc 

Para-dim ethylaminobenzaldehyde 0-7 gm. 

ID. Exton’s Qualitative Reagent. 

Sodium sulfate, anhydrous 88 gm. 

(or 200 gm. of Na; SO* • IOH 2 O) 

Solfosalicylic acid 50 gm. 

Distilled water to make i liter. 

Dissolve the sodium sulfate in 800 cc. of water 
with the aid of heat. Cool, add the solfosalicylic 
acid, and make up to volume with water. 

IV. Fouchet’e Reagent. 

Trichloroacetic acid 23 gm. 

Distilled water 100 cc 

Ferric chloride (10%) It) cc 


V. Obennaycr’s Reagent. 

Hydrochloric add (cone.) 1000 cc. 

Ferric chloride 2 gm, 

VI. Robert’* Reagent. 

Saturated magnesium sulfate (17. S. P. Afg SO* * 

7 H 2 O) soL (add 1 liter of water to approx. 

800 gm.) 5 parts 

Nitric 2 cid (cone) 1 pin 
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VIL Sodium Nilroprnsside Reagent. 
Sodium nitropnissidc (nitroferricyanide) crystals 10 gm. 

Sulfuric acid (cone.) * cc * 

Distilled water to make 100 cc - 

Keep in a brown bottle. 

Vm. Tsncliiyn’s Reagent. 

Phosphotungstic acid (crystals) S 111 - 

Ethyl alcohol (95%) cc * 

Hydrochloric add (cone.) 5 0 cc * 

Dissolve the phosphotungstic acid in the alcohol 
before adding the hydrochloric add. 

Solutions for Hematology 
I. Anticoagulant Solution. 

Ammonium oxalate, ** gm. 

Potassium oxalate, cp ® S 171 - 

Distilled water to make 1 liter. 

A. Pipette 0.5 cc. of the solution into a one-half 
ounce bottle and warm (not over 70°C.) until 
the water is completely evaporated. 

R. This amount prevents J cc. of blood from 
clotting. If more or less blood is used, it is 
important to use the anticoagulant solution in 
this same proportion. 

n. Buffer Solution (for Wright’s Stain). 

Potassium phosphate, monobasic 

(Sprensen’s KH2PO4) gm. 

Sodium phosphate, dibasic 

(anhydrous NajHPCM gm. 

Distilled water to make 1 liter. 

The pH should be 6.4. 

HI. Dilating Fluid for Leukocytes. 

A. Blood (Leukocyte Count). 

Hydrochloric add 5 J cc. 

Distilled water 49J-0 cc. 

Add 2 small crystals of thymol as a preserva- 
tive. 


B. Spinal Fluid (Leukocyte Count). 


Czysul violet 0.1 gm. 

Glacial acetic acid 10.0 cc. 

Distilled water 90.0 cc. 


Filter; should be free of any precipitate. 
IV. Diluting Fluid for Erythrocytes. 
A. Cotcer’a Solution. 


Sodium sulfate, c.p. (anhydrous) 12.5 gm. 

Glacial aceuc acid 313 cc. 

Distilled water 200.0 cc. 

1. Bayern's Solution. 

Mercuric chloride, cp in gm. 

Sodium sulfate (anhydrous) 4.4 gm. 

(or 10 gm. crystalline N12SOWOH2O) 

Sodium chtonde, c.p 2:0 gm. 

Distilled water 400D cc. 

V. Platelet Solnrion. 

sodium titrate, cp IS gm. 

Distilled water 500 cc 

Formalin, neutral to litmus 23 cc. 


Keep in the refrigerator. 

To neutralize add formalin, add enough cal- 
rium carbonate to form a layer on the bottom of 
the bottle and let stand several days. 

VL Stnina. 

A. Manson's Stain (Modified), 


1. Stock Solution. 

Borax (sodium borate) 23 gm 

Boiling distilled water 50-0 cc 

Methylene blue IDgm 


a. Dissolve sodium borate in the boding dis- 
tilled water, add the methylene blue, and 
filter. 

b. Keeps 2 weeks. 

2. Dilute Solution. 

a. Add 1 cc. of stock solution to 20 cc. of 

0.3% Nad solution. 

b. Must be made fresh just before using. 

B. Reticulocyte Stains. 


1. Saline Stain. 

Brilliant crwyl blue ID gm. 

NaQ solution (0.85%) IOOD cc. 

Warm slightly to dissolve stain and filter when 
cool. 

2. Alcoholic Stain. 

Brilliant cresyl blue ID gm. 

Methyl alcohol IOOD cc 

Filter before using. 

C. Washburn's Stain. 

Benzidine base 0.3 gm. 

Basic fuchsin 03 gm. 

Sodium nkroprusside (sat. iq. 

vil, S gm. in S cc.) ID cc. 

Ethyl alcohol (95%) 100D cc 


1. Dissolve the benzidine and fuchsin in the al- 
cohol in the order named. 

2. Add the nitropnissidc solution. 

3. A slight precipitate may form at the bottom 
of the flask but does not interfere with the 
staining qualities. 

4. This solution will keep 1 year. 

D. Wright's Slain. 

!. All containers must be absolutely dry before 
using. 

2. Place 0.3 gm. of powdered Wright’s stain in 
a mortar and add 3 cc. of glycerin. 

3. Grind thoroughly with a pestle. 

4. Add small portions of 100 cc. of acetone-free 
methyl alcohoL 

5. Stopper bottle tightly and let stand with oc- 
casional shaking for at least 1 week. 

6. Filter before using. 
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Normal Solutions 
L Oxalic Acid. 

A. Normal Solution. 

1. Weigh out exactly 45 gm. of pure anhydrous 
oxalic add (FI 2 C 2 0 4 ) or 63 gm. of H 2 C20 4 * 
2H 2 0 and place in a liter volumetric flask. 

2. Dissolve in about 700 cc. of distilled water 
and then dilute to volume at 20°G 

3. Invert 100 times and let stand overnight be- 
fore using. 

B. Standardization. 

1 If the oxalic acid is accurately weighed, this 
solution should be exactly normal. 

2. It can be titrated with exactly N NaOH using 
phenolphthalein as an indicator. 


6. If the solution is less than normal, more add 
must be added which can be calculated as 
follows: 

a. Subtract the cc. for V 2 (value obtained 
in cc.) from the total remaining cc. of 
HQ (Vi). 

b. Calculate the amount of cone. HQ which 
is 11.8 N to be added as follows: 

cc. obtained in (a) X IN ~ (x) X 1U> N. 

C. Check on Normality. 

1 After the solution is adjusted, invert 100 times 
and let stand overnight 

2. Repeat titrations and if not exactly normal 
adjust as above and retitrate. 

HI. Sulfuric Acid. 


IT. Hydrochloric Acid. 

A. Normal Solution. 

1. Add approximately 90 cc. of cone. ITQ (sp. 
gr. 1.19, 37%) to about 700 cc. of distilled 
water in a liter volumetric flask. 

„ , , J6.5 (eq. wt.) 

The cc. of HO used = ^ faf 

2. Allow the solution to cool and then dilute to 
volume with distilled water at 20°G 

3. Invert 100 times and lcc stand overnight. 

B. Standardisation. 

1. Place 10 cc. of the above solution in an Erlen- 
meyer flask and add 2 drops of phenolphtha- 
lein. 

2. Place exactly N NaOH in a burette and add 
to the HQ until the appearance of the first 
permanent pink color against a white back- 
ground. 

3. Repeat titrations until at least two come with- 
in 0.05 cc. of each other. 

4. Calculate normality of solution using the fol- 
lowing formula: 

Ni x Vi - N 2 x V 2 
Ni “ normality of HQ 
Vi — amount of HQ used for the titratlon. 

N 2 — normality of NaOH used. 

V 2 — amount of NaOH used in the titration 
Example. 

N(HC1) X 10 cc. = IN X 10.2 cc. NaOH 
N of HO “ 1 .02 N. 

5. To adjust to exact normality', use the above 
formula where: 

Nj — calculated normality of HQ 
Vi — total cc. of remaining HO. 

N 2 = desired normality. 

V 2 = final volume of HC2 
Example' 

1 j02 N X 970 cc. — 1 N X V 2 . 

V 2 = 989 4 cc. 

It will be necessary to add 19.4 cc. (989.4 — 
970) to make 1 N HCL 


A. Sulfuric Acid — N/I2. 

1. Add 2.5 cc. of cone. H*S0 4 (sp. gr. 1.84, 
95.5%) to about 700 cc. of distilled water in 
a liter volumetric flask. 

49 (eq. wt.) 

The cc. of HjSOj used - ujflboMS 

2. Allow the solution to cool and then dilate to 
volume with distilled water at 20°G 

3. Invert 100 times and let stand overnight. 

4 Standardize with exactly 0.1 N NaOH as 
described under 1 N HQ using phenol- 
phthalein as an indicator. 

5. It should take 16.67 cc. of 0.1 N NaOH to 
neutralize 20 cc. of N/12 H 2 S0 4 . 

6. Adjust solution as described under N HQ 
and retitrate. 


B. Sulfuric Add — 2/3 N. 

1. Add 20 cc. of cone. H*S0 4 to about 700 cc. 
of distilled water in a liter volumetric flask. 

2/3 of 49 


The cc. of H 2 SO< used - 


1.89 X 0955 


2. Allow solution to coo! and then dilute to 
volume with distilled water at 20°G 

3. Invert 100 times and let stand overnight. 

4. Standardize with exactly N NaOH as de- 
scribed under N HQ using phenolphthalein 
as an indicator. 

5. It should take 13.33 cc, of N NaOH to neu- 
tralize 20 cc. of 2/3 N H 2 S0 4 . 

6. Adjust solution as described under N HQ 
and retitrate. 


TV. Sodium Hydroxide. 

A. Saturated Stock Solution. 

1. Weigh out 1100 gm. of reagent quality so- 
dium hydroride pellets on a rough balance 
and place in a 2 liter pyrex beaker. 

2. With constant stirring, gradually add 1000 
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cc of distilled water which has been freshly 
boiled and cooled 

3 Allow to cool place in a pyrer bottle, and 
Stopper with a paraffin-coated cork. 

4 After the solution has stood for several days, 
the carbonate settles to the bottom leaving a 
clear supernatant liquid. 

5 This solution contains approximately 74 gm. 
of sodium hydroxide for each 100 cc. 

B Normal Sodium Hydroxide 

1 Pkce 55 cc of the dear saturated NaOH 
solution in a liter volumetric flask. (A nor- 
mal solution contains 40 gm of NaOH there 
fore 40 divided by 0 74 w ill give the number 
of cc of saturated solution needed ) 

2 Dilute to volume at 20°C with freshly boiled 
distilled water that has been cooled. 

3 Invert 100 times and let stand overnight. 

4 Standardize with exactly N HQ as described 
under N HQ using phenolphthalein as an 
indicator 

5 Adjust solution as described under N HQ 
and re titrate 

V Sodium Thiosulfate Solution. 

A Sodium Thiosulfate Solution — 0 1 N 

1 Use distilled water that has been freshly boiled 
and cooled 

2 Place 25 gm of cp sodium thiosulfate 
(Na 2 SjO, SH 2 0) in a liter volumetric flask 
and dissolve with about 700 cc of water 

3 Dilute to volume at 20°G 

4 Shake thoroughly and let stand 2 weeks be- 
fore standardizing 

5 Keep in a bottle with a siphon arrangement 
and carrying a soda lime tube to exclude 
CO-L 

B Standardization* 

1 Standardize with a 0 1 N solution of acid po- 
tassium lodate lKH(IOa)al 

KlOa HlOj + t0 KI + 11 HO 6 I a + 11 KO 
+ 6 HaO 

1* + 2 Na*S*Os -* 2 NiT + N*aSiO# 

2 Weigh out exactly 3 2496 gm. of the purest 
cp grade of KH(I0 3 )», place in a liter 
volumetric flask, and dilute to volume with 
distilled water at 20°C 

3 Method of Titrating 

a. Place 1 or 2 gm of pore potassium iodide 
m a 500 cc Eilenmtytr flask and dissolve 
in as little water as possible, 
b Add 5 cc of 20% HQ and then add 25 
cc of 0 1 N KH(I0 3 ) 2 
c. Dime at once with about 200 cc of dis- 
tilled water and titrate the liberated iodine 
immediately with the sodium thiosulfate 


solution dropping at a rapid rate and with 
continual agitation of the flask, 
d When the solution becomes pale yellow 
add a few cc of a 1% solution of sola 
ble starch and titrate to loss of bine color 
c Titrate until consistent checks are ob* 
tained. 

f Dilute the thiosulfate as follows 

25 X 

cc. of th osulfate used volume of remaining 
th osulfate 

X = final volume of th osulfate 

VI Iodine Solution 
A Iodine Solution — 0 1 N 

1 Dissolve 25 gm. of the best grade potassium 
iodide in about 250 cc of disnlled water 

2 Powder about 15 gm. of resublimed iodine 
to a very fine powder weigh 12 7 gm. on a 
watch glass ana dissolve in the KI solution. 
Do not add water to this until all of the iodine 
is dissolved. 

3 Dilute to volume with distilled water and mix 
thoroughly 

4 Keep in a glass-stoppered brown bottle 
II Standardisation 

! Place 25 cc of the iodine solution In a 300 
cc Erlcnmeyer flask containing about 100 cc 
of distilled water 

2 Add exactly 0 I N sodium thiosulfate from a 
burette until a very faint ) ellow color remains 

3 Add 1 cc of a 1% solution of soluble starch 
and add the thiosulfate solution drop by drop 
until the last trace of blue is removed 

4 Calculate the correction factor of the iodine 
solution. 

5 Tbw vatanaw. tojsS: be. xestandardacd fre- 
quently 

Indicators 
L Alizarin Red. 

Sod um alizarin monosulfonate 1.0 gtu- 

Distilled water I COD cc. 

pH range 5 0 — 6 8 
Color change yellow to red. 

II, Bromcresol Green 

Bromcresol green 40.0 mg 

Absolute ethyl alcohol lOOD cc- 

pH range 4 0 — 5 6 
Color change y ellow to blue 

HI. Bromtliymol Bine 

Dtromthymolsulfonphthalein 40-0 mg 

Absolute ethyl alcohol 100-0 c ft 

pH range 6 0 — 7 6 
Color change yellow to blue 



IV. Oilorpltenol Red 

Chlorphcnol red 
Absolute ethyl alcohol 
pH range 6 0 — 6 6 
Color change yellow to red 

V. Congo Red. 

Congo red 
Distilled water 
Ethyl alcohol (95$ >) 
pH range 3 0 — 5 0 
Color change blue to orange red 

VL Dimetliylaminoazobenxene 
(Topfer’s Reagent), 
p-d methylammoazobenzene 
Ethyl alcohol (95%) 
pH range 2 9 — 4 0 
Color change red to yellow 

VII. Methyl Orange. 

Methyl oraDge 
Distilled water 

pH range 3 1 — 4 4 
Color change orange red to yellow 
VHL Methyl Red 

Methyl red 
Ethyl alcohol (95$>) 

Dilute to 500 cc. with distilled water 

pH range 42—63 

Color change red to yellow 

IX. Neutral Red. 

Neutral red 
Ethyl alcohol (95%) 

Dilute to 500 cc. with distilled water 

pH range 6 8—8 0 

Color change red to yellow 

X. Phenol plilhalem. 
Phenolphthalein 
' Ethyl alcohol (95 $0 
pH range 8 3 — 10 0 
Color change colorless to red 

XI Phenol Red 

Phenol red (phenolsulfonphthalein) 

Ethyl alcohol (95%) 
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Table 86 Range of Indicators 


400 mg 
1000 cc 


05 gm 
900 cc 
100 cc 


0J gm 

100.0 cc. 


100 0 mg 
100 0 cc. 


1 0 gm. 
3000 cc. 


0J gm 
3000 cc. 


ID gm. 
I0OD cc. 


20 0 mg 
1000 cc 


Indicator 

pH range 

Color change 

Thymol blue (acid range) 
Topfer s reagent 

Congo red 

Methyl orange 

Bromcresol green 

Methyl red 

Alizarin red 

Chlorphenol red 
Bromthymol blue 

Phenol red 

Neutral red 

Thymol blue (alkaline range 
Phenolphthale n 

12 2 8 

2 9-10 

3 0-5 0 

3 1-4 4 

4 0-5 6 

4 2-6 3 

5 0-6 8 

6 0-6 6 

6 0-7 6 

6 6-8 2 

6 8-8 0 

8 2 9 8 

8 3-10 

Red yellow 

Red yellow 

Blue red 

Orange red yellow 
Yellow blue 

Red yellow 

Yellow red 

Yellow red 

Yellow blue 
\ ellow red 

Red yellow 

Yellow blue 
Colorless-red 


10 gm. 

1000 cc. 


100 cc. 
800 cc 


ID gm 

1000 cc 


Ethyl 

pH range 6 6 — 8 2 
Color change yellow to red 

Xn Starch Solution. 

Soluble starch 

D stilled water ,w " 2” 

Add enough of the cold distilled water to maue 
a thtn paste and to this, while stirring, add boiling 
water to make 100 cc. 

XRI Tliymol Blue. 

Thymol blue (thymolsulfonphthalein) ”2 

Absolute ethyl alcohol 

pH range 1 2—2 8, color change red to yellow 
pH range 8 2—9 8, color change yellow to blue 

Stains 

I Crystal Violet Solution 
A. Solution A. 

Crystal violet ]00 ^ 

Ethyl alcohol (95%) 100 CC ' 


B. Solution B. 

Ammonium oxalate cp 
Distilled water 
c. Fmol Solution 
Solution A 
Solunon B 

Keeps welL 

^ II Carbol Fuchuin Solution 
\ Zielil-Ncelien Slam for Tubercle Bacilli. 

Bis c fuehsin (sit. ilcohol c sol. see below) 10 cc. 
Carbol c aad (5% aqueous sol ) “ 

Make a saturated alcoholic solution of base 
fuehsin as follows _ . 

1 Add 30 cc of 95% ethyl alcohol to 9 gm. of 

basic fuehsin. , , 

2 Place the container in a water bath and heat 

to boiling for 2 minutes. __ 

3 Allow to stand 1 minute and pour off super- 
natant fluid into a bottle 

4 Add a second 30 cc of alcohol to the sedi 
ment, boil, and decant as before 

5 Add 34 5 cc. of alcohol to the sediment, 
and decant as before. 

B Dilute Carbol Fuehsin Stain. J0 cc 

Z ehl Neelsen Stain 90 cc 

Distilled water 

m Gram’s Iodine Solution. 

Iod ne crystals 
Potassium iodide 

Loeffler’a Alkaline Methylene Bloc 
Solution. 

Methylene bine ehlor.de [set. «K slcobcbc s.l 
(1.5%) filtered] 

KOH (001% aqueous solution! 

V. Lugol’s Solution. 


2 gm. 
300 cc. 


30 cc. 
100 cc 


■'iodine crystals 
- — jod de 


5 gm- 
10 gm 
100 cc. 


10 cc. 
90 cc 


potass 

Distilled water 

VI Saframn Solution. 

Sifranm (2.5% m 95% alcohol) 

Distilled water 

Snturatedsotat.cn 0%) of Sudan HI m 70% 
ethyl alcohol 



INDEX 


A 

Abscess, culture of material from, 166, 171 
findings in, amoebic, 146. 148 
brain, 151, 155 
liter, 146, 316 
lung. 146, 147, 148 

Absorption tests for heterophil agglutinins, 197 
Acanthocheilonema pentans, 80 
Acetone in unne, 11 
Rothera's test for. 12 
Achlorhydria, 101 
Achol/c feces, 124 
Achylia gastnca, 101 

Add. acetic and heat test for albiimtn in urine, 7 
ascorbic, determination of, 
m blood, 316 
In unne. 318 
base balance, 293 
combined, in gastric contents, loi 
dtacetlc, in urine, II, 12 
free hydrochloric, in gastric contents, 100 
hematln methods for determining hemoglobin, 37 
hippunc, crystals fa urine, 20 
test for liver function, 118 
homogentlsic, in urine, 4 
hydrochloric, in gastric contents, 101 
nonnal, preparation of, 357 
lactic, in gastric contents, 101 
nitric, test for albumin in urine, 6 
normal, preparation of 258, 259, 357 
oxalic, nonnal, preparation of. 357 
pyruvic, in blood, determination of, 321 
salicylic, in blood, determination of, 328 
sulfosalicylic, test Iot albumin in urine. 7 
total, in gastric contents 101 
tide, calculi m unne, analysis of, 17, 16 
crystals in unar, 20 
in blood, determination of, 283 
urine, sediment in, 20 
Add fast, bacilli, 165 

gastric washings for 98 
in cerebrospinal Quid, 153 
in feces. 128 
In sputum 148 
in tissue sections, 341 
in urine, 24, 178 
fungi, Nocardia, culture of, 208 
in sputum, 148 

Acidosis, carbon dioxide combining power of blood in, 
293, 296 

findings in, 5, 47, 91, 293, 291. 299, 32f 
kidneys, role in, 28, 293 
pH of blood In, 293, 29! 

Actinomycosis, 147, 207, 208 
Actinomyces bovis in. 208, 210 
culture for, 208 
In sputum, 148 
NocaTdia in, 
culture for, 208 
in sputum, 148 

sulfur granules In, 148, 207, 210 


Acute yellow atrophy of the liver, findings in, 4, 21, 108 
109, 275, 285 

Addis count of unne sediment, 19 
interpretation of findings, 20 
Addisons disease, findings in, 47, 268, 270, 272, 275, 278, 
281,299, 300, 302, 303, 347 
Kepler's test for, 500 
Wilder's test for, 300 
Aerobacter group, 178, 181, 188 
Agar, blood, action of bacteria on, 170 
preparation of, 167 
chocolate, preparation of, 182 
Agglutination test, 192 
bacterial antigens for, preparation of, 193 
for anti Rb antibodies, 251 
for blood typing, 245 
for brucellosis, 194, 195. 196 
for cold agglutinins, 255 
for dysentery, 194. 195, 196 
for heterophil antibodies, 195, 196 
for paratyphi, 193, 195, 196 
for pertussis, 175 

for rickettsial diseases 193, 195, 196 
for tularemia, 194. 195, 196 
for typhoid, J93, 195, 196 
"H" and” “O’ antigens for, 193 
macroscopic method for bacterial antibodies, 19J 
incubation period of, 194 
interpretation of results, 195, 196 
reading of, 194 
Agglutinins In scrum, 
a, a,, and b 244 
an u Rh, 249 
test for, 251 
auto , 35, 247 
told, 2i7 
rest for, 253 
for Brucella 195, 196 
for Rickettsia. 195. 196 
for Salmonella, 195, 196 
for sheep cells, 195, 196 
for Shigella. 195, 196 
for tularensis, 195, 196 
Agglutinogens in erythrocytes, 

A, Ai. A, and B, 244 
M. N, and P, 244. 2 45 
Rh and Hr, 249, 250 
Agranulocytosis findings in, 68, 91, 92 
Albumin, in blood, determination of, 275 
interpretation of findings 278 
in cerebrospinal fluid, 152 
in urine, 6 
qualitative tests for, 6 
quantitative tests for, 7 
Albumin-globulin ratio, 6, 30 31, 78, 121, 277 
Albuminuria, 6 
accidental or false, 6 
cyclic, 4 

orthostatic or postural, 6 
pathologic, 6 
physiologic, 6 
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Atoll gen a I calls, 181 
Alcohol, determination of. In blood, 329 
m urine. 329 
fixation of tissue, 336 

method for isolation of mixed organisms, 171 
preparation oE percentage solutions of, 355 


test meal, 99 

Alcoholism, findings in, 101, 316, 330 
Alimin red indicator, preparation of, 358 
Alkalinity of urine, 5 

Alkalosis, carbon dioxide combining power of blood in 
293, 296 


findings in, 293, 294, 296. 310 
pll of blood In, 293. 291 
Alkaptonuria, 4 

Allergy, extracts, preparation of, 
beverages 333 
cereals, 333 
condiments, 333 

' *gg. 351 

epidermals, 334 
fruits, 334 
henna, 335 
bops, 335 
house dust, 332 
kapok, 335 
karaya gum, 335 
meat and fish, 353 
milk and milk products, 33 » 
nuts, 333 
orris root, 335 
pollen, 332 
pyrethrum, 335 
rayon, 335 
sand files. 335 
seeds, 333 
silk, 335 
spices, 333 
tobacco, 335 
vegetables, 334 
findings in, 84, 91. 127 

solutions used in extraction and dilution of, 332 
buffered dextrose phenol, 332 
Coo’s, 332 

Amboceptor, hemolytic, preparation of, 223 
titration, for Eagle’s Wassermann test, 223 
for Kolmer s complement fixation test, 230 
Ammonium biurate crystals Jn urine, 21 
Ammonium magnesium phosphate crystals in urine, 21 
Amoeba, cysts, 143, 144 
carriers of, 141 
direct examination for, 139 
Iodine stain for, 139 
iron hematoxylin stain for, 139 
Intestinal, detection of, 138 
Dicntamoeba fragilis, 143. 144 
Endamoeba cob 143, 144 
Endamoeba histolytica. 143, 144 
Endobmax nana, 143, 144 
lodamoeba bQochlii, 143, 144 
trophozoites, 138, 140 
Amoebiases, findings in, 127, 140. 141 
Amorphous, phosphates in urine, 20 
unites in urine, 20 

Amylase, determination of. In blood, 315 
in duodenal contents, 104 
Interpretation of findings, 105, 316 
Amyloidosis Congo red test for, 16 
findings in, 16, 24, 281 
Fauna's test for, 16 
Anaerobic bacteria. 


jar for cultivation cl, 169 
thloglycollate glucose brotb for, 167 
Analytical balance, use of, 259 
Anemia, blood values in, 44, 96 
causes or, 91 
classification of, 
etiological, 95 
morphological, 44, 95 
in liver diseases, 121 
laboratory findings in, 44, 96 
Anemias, findings In, 5, 6, 14, 35, 40, 44, 45. 53, 54, 55, 68, 
83, 84, 91, 94, 278, 285. 288, 290, 298, 300, 347 
aplastic, 55, 68. 81. 86, 91 
Cooley’s. 54, 55, 68. 91. 109 
hemolytic. 22, 45, 53. 55, 68, 88. 91, 92, 103, 109 
hypochromic, 44, 91. 90, 101, 103, 109, 121 
macrocytic. 44, 45, 54, 96. 121 

pernldous, 47. 51, 52, 54, 55. 63. 86, 91, 92. 96. 101. 108 
109, 285 

sickle cell, 53, 54, 55, 68, 80. 88. 91, 109 
Angina, Vincent's, smear for, 165 
Aniline blue stain for connective tissue, 339 
Animal, matter, in feces, 127 
parasites, in blood, 68 
In feces, 128 
in sputum, 248 
in urine, 25 

Animals, inoculation of, for anti sheep hemolysin, 223 
for diphtheria virulence test, 201 
for fungi. 208, 209, 211, 212 
for leptospirosis, 81 
for pneumococd, 191 
for pregnancy, 161 
for rat bite fever, 82 
for relapsing fever, 81 
for Toxoplasma, 79 
for trypanosomes, 79 
for tuberde bacilli. 199 
positive autopsy findings in, 200 
Anlsocytosis of erythrocytes, 53 
Antibodies, anti Rh, 249. 251 
bacterial, 192 
heterophil, 195 
syphilitic (reagin). 221 
Anticoagulants, action of, 255 
preparation of, for blood chemistry. 255, 257 
for hematology, 34, 356 
for sheep cells, 222 
Anticomplementary scrum, 228 
Antigen, preparation of, 
beef corpusde for absorption test, 197 
Brucella. 191 

for Eagle's Wassermann lest, 224 

for Kahn’s fiocculatlon test, 235 

for Kline’s flocculation test, 239 

for Kolmer’s complement fixation tot, 229 

for Marrlm’s fiocculatlon test. 211 

gonococcus for complement fixation test, 229 

guinea pig kidney for absorption test, 197 

“H" and “O,” 193 

Proteus for Weil Felix reaction, 193 

Salmonella, 193 

Shigella, 194 

tularenris, 194 

Antiseptic wash, preparation of, 355 
Antisheep hemolysin, preparation of, 223 
Anuria. 4 

Arneth’s classification o! neutrophils, 5! 

Arsenic, In urine, Guueit’s test for, 331 
poisoning, findings in. 91, 270 
Arthritis, findings in, 88. 159. 229, 278 
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A*cans lumbncoldes in feces, 129, 130, 131 
in sputum, 148 
life cycle of, 129 

Ascheim Zondek test, Friedman's modification of, 161 
quantitative, 162 
Asa tic fluid, culture of. 183 
examination of, 158 
guinea pig Inoculation of, 200 
tumor cells in, 158 . .... 

Ascorbic acid, determination of, in blood. 316 
In unne, 318 

interpretation of findings, 318 
renal threshold of, 318 
Aspergillus 205, 207, 215 
in ear, 172 
in sputum, 148 
Assay, of peoiallin, 185 

Asritma' find! ngs D m, 91. 146, 147, 148, 149. 303 
Atomic weight of elements 259 
Autoagglutmailon of erythrocytes 35 
Antoagglutinms for erythrocytes, 2 7 
Autogenous vaedne, preparation of, 9 
standardisation of, 198 
sterilization of, 198 

Autolysate, bacterial, preparation o(. 1OT 
Autopsy findings (or tubereulost, In gutnea p.gs OT 
Azure granules, 
in erythrocytes, 55 
In lymphocytes, 52. 56 


Badllaxy dysentery, 
agglutination test for, 192. 195 
mesoseople findings in leer,. 1(1 

" Aerobacter group, 164. 1™. 181 ' 188 
Alcaligenes iecalis, 181 

Brucella group. 164. »» I7 “ 

Clostridia group 1 164. 1 178> 179 l8 0 
Clostridium perfnngens. 17 i, »«• 
tetam, 172, 173 

coli (see Eschendiia group) 173 188 

Corynebacteimtn dtpbthoaae 

diphtheroid. 170, 172 176, 173 

dysentery (see Shigella F°»P> „ 9p , alf 1B8 

Hemophilus 

tS££ .64 » >» „ 

tnflueniae, 164, 170. ™ 188 

pertussis, 164, 175, 181, 188 

Klebsiella pneumoniae, 164, 

Moraxella lacunata, im. « I28 148 15S 

Mycobactenum tuberculosis, 24 93, 

188, 199, 341 

Paracolobactrum group I8t 

178, 179, 181. J88 g 179 l8J> jga 

Salmonella group, l^. 76 * 1 ^? m 179 181, 188 
Shigella (dysentery) group, HH.*' 
iSgtobacflius moniWormU, 188 
nibdlii, 170. 172. 178 


Bacteria, (see “Baallus“ and “Coed”), 
aad fast, (see “Aad fast") 
agglutination tests for, 192 
anaerobic culture of. 169 
colonies, isolating 169, 170 
culture of, general rules for, 166 
gas production by. 167, 173 » JJ® 1 
gelatin liquefaction by. 169, 173, 174, 181 
gram negative. 164 
gram positive, 164 
growth, inhibition of, 171 
hemolysin, test for, 185 
identification of, 170, 171 
Baallus subtilis, 170 
Clostridia group, 173 
Corynebactenum dlphiberiae, 170 
diphtheroids, 170 
Caflkya teuagena 170 
gram negative Intestinal. 170, 181, 192 
Hemophilus group, 170 
Klebsiella pneumoniae, 170, 181, 192 
Neisseria group, 170, 183, 192 
pneumococa, 170, 181, 192 
Proteus group, 170 180, 181 
Pseudomonas aeruginosa, 170, 181 
Sarcmae, 170 
staphylococa, 170, 171 
streptococci, 170, 171. 174 
in bile, 105 
in blood, 176 

in body fluids, 158, 159, 183 

in cerebrospinal fluid, 153, 154, 183 

In ear, mastoid, and sinuses, 172 

m eyes 172 

in feces 124. 128, 179 

in gastric contents, 103 

in sputum. 176 

In throat and nasopharynx, 172, 173, 175 
In urine, 4, 6, 24, 178 
in wounds, 172 
incubation of, 168 
indole reaction of, 173, 181, 184 
inhibition by penidllin, 171 
inoculating media with, 168 
isolation from a mixed culture, 171 
morphology of, 169, 170 
motility of, 169. 173, 175, 181 
sensitivity to. pemallin, 187, 188 
itreptomyan, 188, 190 
sulfonamides, 188 
smears of, 163 
re spores of, 173 
stain for, 165 
staining of, capsule, 165 
flagella 165 
in tissue sections, 341 
spirochetes 165 
spores, 165 

with Grams stain 164 
,= with methylene blue. 164 

with Ziehl Neelsen stain. 164 
Bacterial, 

antibodies, agglutination tests for, 192 
autolysate preparation of, 199 
cultures (see “Cultures") 

, <79 filtrate, preparation of. 199 

smears of material from patsent. 163 
vacane autogenous, 197 
Bacteriology, 

application In medldne, 163 
methods for, 163 
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rules of, 163 

Bacto medium (Difco), 167 
Bailey'* capsule ttain, 165 
flagella stain, 165 
Balance, analytical, use of, 259 
Balantidium coll In feces, MS, 145 
Barbiturate, In urine, determination of. 33° 
poisoning, findings In, 91, 531 
Barker'* method for blood thiocyanate, 326 
Basal, metabolic rate, calculation of, 346 
errors in dete rmin ing, 347 
metabolism, 343 
machine for measuring 344 
rate of. 316 
test for, 345 
Basket cells 53 
Basophilia, 92 

Basophilic, aggregation in erythrocyte*. 54, 58 
McCord* method for staining, 49 
stippling, 49, 54, 58 
Basophils, 52, 56, 57, 62 

Bassett, Althauser and Coltrm* method for galactose lest, 
119 

Reel, corpuscle antigen (or absorption test, 197 
heart*, u»e of in antigen preparation, 224 
tapeworm In feces, 132, 135, 135 
Beer s law of colorimetry, 261 
Bence Jones proton Id urine, test (or, 8 
Benedict Roth basal metabolic machine. 344 
Benedict’* solution, preparation of, qualitative, 9, 355 
quantitative. 10, 355 
test for *ugar in urine, 9, 10 
qualitative method, 9 
quantitative method, 10 
Benzidine test for blood, false reaction* in, 14 
in feces, 125 
in gastric content*, 102 
in urine, 14 

BiancalanI* test for mercury in urine 331 
Bile, drainage of, 93 
examination of, 105 
formation and excretion of, 106 
In gastric content*, 100, 102, 10* 

In urine, 4, 12 

solubility test for pneumococci, 184 
stimulation of secreuon of. 98 
test for, m feces, 126 
in gastric juice, 102 
in urine, 12 
types of, 99 
Biliary drainage, 93 
Bilirubin, crystal* In urine, 21 
excretion test. 111 
in bile. 105 

In blood serum, Icterus Index determination for, 107 
Van den Bergh s method for, 108. 110 
In feces test for, 126 
in gastric juice, test for, 102 
In urine, test for, 12 
renal threshold of, 110 
Blastocyst!* hominis in feces, 128 
Blastomyces brasihensis, 203, 209 
deTmatitldi*. 208, 210 
fn sputum, 148 

Bleeding guinea pig for complement, 222 
spontaneous blood findings in. 80 
causes of, 82 
time, determination of, 

Dukes method. 84 
Ivy’s method, 84 
findings In disease, 86 


Blood, agar, 

action of bacteria on, 170 
chocolate, preparation of, 182 
preparation of, 167 

agglutination of, by anti Rh antibodies, 251 
by autoagglutlnins, 35, 247 
by blood typing serums, 246 
by cold agglutinins, 247, 253 
agglutinins, a, *„ and b, 244 
anti Rh, 249. 251 
auto-, 35, 247 
cold, 247, 253 

agglutinogens of. A, A„ A,, and B, 244 
M, N, and P, 214, 245 
Rh and Hr factors. 249, 250 
albumin, determination of, 275 
albumin globulin ratio, in disease, 6, 30. 31, 78, 121 
alcohol, determination of, 329 
amylase, determination of, 315 
anemia, 94 (also see “Anemia") 
anticoagulants, 34, 255, 257 
Arneth count, 51 

ascorbic add, determination of, 316 
bacteria, cultures of, 176 
basophilia, 92 

basophilic aggregation in, 49. 54. 58 
basophils. 52, 56. 57. 62 
benzidine test for, 14, 102, 125 
bilirubin, test for, 107, 108, 110 
bleeding time of, 84, 86 
bone marrow, examination of, 55 
bromide, determination of, 325 
Cabot rings in, 55 
caldum determination of, 303 

capillary resistance (Rumpel Leedc phenomenon), 84, 80 
carbon dioxide combining power, determination of, 294 
carotene, determination of, 318 
casts, in urine, 24 
cell pack (volume per cent), 41 
cells, morphology of, 56 
cephalin-cholesterol flocculation test, 121 
chemistry, normal values, table of. 256 
chlorides, determination of, 296 
cholesterol, determination of. 288 
esters, determination of, 290 
clot retraction time of, 61, 86 
coagulation, determination of. 82 
capillary blood methods, 83 
Howells method, 83 
Lee and White’s method, 83 
theory of, Howell *, 82 
Moratrf ex', 82 
time of, 82, 86 

collection of, by skin puncture, 33, 34. 30, 255 
by venipuncture, S3 
for chemical tests, 255 
for culture, 176 

for hematological examination, 33 
for serological tests, 221, 226 
for typing, 245 
color Index of, 41, 42. 44 
concentration of. for filaria, 80 
for malaria, 68 

Congo red method for total volume of, 46 
corpuscular values (see mean corpuscular) 
count in anemia, 44, 96 
counting, apparatus for, 35 
deaning of, 37 
method of, 34. 36 
source* of error in, 36 
counts, normal. In adults, 33 
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In children, 40 

creatinine, determination of, 285 
cross matching, 248 
culture of, 166, 176 
development of cells of, 67 
differential leukocyte count of, 51 
diluting solutions for, erythrocyte count, 356 
Gower’s, 356 
Hayem's, 356 
leukocyte count, 356 
donor for transfusion, 248 
Eagle s Wassermann test of, 222 
elliptical cells, 53 
enzymes, 310 
eostnophiha, 91 
eosinophils, 51, 56, 57, 62 
erythremia, 94 

erythrocytes (see “Erythrocytes j 
erythrocytosis, 93 , . 

Era ns blue dye method for total volume of. 46 
examinations using, 
capillary blood, 33 
venous blood, 34 
fibrinogen, determination of, 276 
Field s stain for malaria in, 69 
filana in, 79 
findings m disease, 91 
flukes in, 137, 138 
fragility test of. 88 
Giemsa’s stain for malana in 69 
glucose, (see Glucose ") 
granulocytic senes, 51, 52. 56. 57. 60 
grouping, medicolegal application of. 253 
method for, 245 
sources of error In, 247 
groups heredity of, 253 
incidence of, 244 
in medicolegal cases, 253 

exclusion, of mix up of 255 

of maternity or paternity, 253 
in criminal cases 253 
International classification of, 244 
Jansky’s classification of, 244 
Landsteiners classification ot, Z44 

M, N, and P, 244, 245 
Moss classification of. 244 
Rh and Hr, 249 
specific substance of, 253 
subgroups of, 244 
guaiac test for, !5, 102, 125 

hemoglobin ^estimation, (see “Hemog.ob.n-) 
standards, 37 
hemoglobinemla, 41 
heterophil antibody, test for, 195 
Histoplasma capsu latum in, zn 
Howell Jolly bodies In. 55. 58 
Hr factor, 250 

Icterus Index, determination of, 107 
in cerebrospinal fluid, 150 151 
In duodenal contents, 104 

In gastric contents, 100 102 103 
in sputum 146, 147 
in urine, 4, 6, 14, 23 

A*- 

Kahn’s flocculation test of. 234 
Klines flocculation test of. 239 
Kolmer’s complement fixation test of, 229 
leishmam* in, 78 


leukemia, 92 (also see “Leukemia") 
leukemoid reaction, 93 
leukocytes (see “Leukocytes”) 
leukocytosis, 91 
leukopenia, 91 

lipase, determination of, 315 
lipo chromic index of, 321 
lymphocytic senes, 52, 56, 57, 64 
lymphocytosis, 92 
malarial parasites, 68 
Manson’s slain for, 50 
Mazzmi’s flocculation test of, 241 
McCord * method for staining, 49 
mean corpuscular, diameter, 44, 45 
hemoglobin, 41, 43, 44 
concentration, 43, 44, 45 
thickness, 45 
volume, 43, 44 

megakarocyte senes, 53, 57, 66 
monocytic senes 53, 56 57, 66 
monocytosis, 92 
neutrophilia, 91 
neutrophils In 56, 57, 62 
Arneth’s classification of, 51 
DShles Inclusion bodies In, 52 
Schilling’s classification of, 51 
toxic degeneration of, 51 
nonprotein nitrogen determination of, 272 
normal values, for adult. S3 
for chemistry. 256 
for children, 40 
occult, tests for, 14, 102, 125 
oligocythemia, 35 
ongin of cells, 57 
parasites in. 68 
filana, 79 
flukes. 137. 138 
leishmanla, 78 
malaria, 68 
Toxoplasma, 79 
trypanosomes, 78 
pathological lymphocytes In, 52 
peroxidase stain of, 49 
pH, determination of, 293 
phosphatase, acid, determination of, 313 
alkaline, determination of, 310, 312 
phosphorus, determination of, 307, 309 
plasma, (also see “Plasma") 
volume, 45 

Congo red method for, 46 
Evans blue dye method for, 46 
platelets, 53, 57, 66 
counting of, 85 
in disease, 86 
poikilocyte, 53 
polycythemia, 93 
potassium, determination of, 302 
Pnce Jones count, 45 

protein, determination of, fractions Tnt 
total. 275 

protein free filtrate, preparation of. 263 

prothrombin time of, 86 

pyruvic aad, determination of, 321 

quantity needed for chemistry determinations. 256 

reticulocytes in, 50, 55 

Rh factor, 249 

Rieder cell in. 52 

salicylic aad, determination of, 323 
saturation index of, 42, 44 
Schilling’s, differential leukocyte count, 51 
hemogram, 51 
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sedimentation rate of. 87 
serum, («e “Serum") 
sickle cells in, 53 
smears, examination of, 50 
preparation of, 47 
cover glass method, 48 
slide and cover glass method, 48 
slide method, 47 
thick smears for parasites, 68 
staining of, Field s stain, 69 
Giemsa't stain, 69 
Manson's stain, 50 
McCord s method for, 49 
peroxidase stain. 49 
vital. 50 

Wright's stain, 48 
sodium, determination of, 500 
spirochetal diseases of, leptospirosis, 81 
rat bite fever, 82 
relapsing fever, 81 
sternal puncture, 55 
sugar, (sec “Glucose'*) 
sulfonamides, determination of. 523 
target ceils in, 54 
test, benzidine, 44. 102, 125 
confirmatory, 102 
gualac, 15, 102. 125 
thiocyanate, determination of, 326 
thrombocytes (see platelets) 
thymol turbidity and flocculation test, 122 
total votume of. 45 
toxic degeneration In, 51 
Toxoplasma in, 79 
transfusion, 248 
donors for, 248, 250 
of plasma, 248 

of red blood cell suspension, 248 
of serum, 248 
reaction in, 41, 109, 250 
trypanosomes in, 78 
TOrck's irritation cell In. 52 
typing, for major groups, 215 
for Rb factor, 250 

urea, clearance, determination of, 281 
nitrogen, determination of, 278 
uric acid, determination of, 283 
Van den Bergb, Evelyn and Malloy's method Tor, 110 
Thannhauscr and Anderson's method for, 108 
venipuncture, 33 
vital staining of, 50 
vitamin A, determination of, 318 
volume, Congo red method for, 46 
Evans blue dye method for, 46 
index, 42, 44 
thickness index, 45 
Wassermann, Eagles method for, 222 
Kotmers method for, 229 
Wright’s stain of, 48 

Bloor and Knudson’s method for blood cholesterol esters, 
290 

Bloor's method for blood cholesterol, 288 
Boas stomach tube, 97 
Boas Oppter bacillus, In feces, 128 
In gastric contents, 103 

Bodansky’s method, {or blood alkaline phosphatase, 310 
for blood Inorganic phosphorus, 307 
Body fluldj. 158 
culture of, 183 
exudates 158 

guinea pig inoculation for tubercle badtll. 200 
•era cn, 160 


synovia], 159 
transudates, 158 

Boeck and Drbohlav’s medium for protozoa, HO 
Bone marrow, examination of, 55 
normal count of, 68 
pathological findings la, 68 
sternal puncture, 55 

Bordet Gengou medium for pertussis, 175 
Borowslaja's method for colloidal gold, 157 
Borrcha, 81 
carted, 81 
duttonl, 61 
novyi, 81, 1B8 
phagedenis, 203 
rccurrcntis, 81 
refringens. 203 
sinremi), 164 

Bonin's fixative fluid Tor tissues, 336 
Bratton and Marshall's method ior blood sulfonamides 
323 

Brewer’s anaerobic medium, 167 

Brodie, Udenfriend. and Cobum's method for blood 
salicylic add. 328 

Bromcresol gTecn indicator, preparation of, 358 
Bromides, determination of, in blood, 325 
in cerebrospinal fluid, 320 
in urine, 16, 325 

Bromsulfaleln test for liver function, 112 
comparator block method, 112 
interpretation of, 113 
photoelectric colorimeter method. 113 
Bromthymol blue indicator, preparation of, 358 
Bronchial casts in sputum, 147 
Bronchiectasis, findings in, 146, 147 
Bronchitis, findings in, 146, 147, 148 
Broncbohths in sputum, 147 
Brucella group, 164. 176. 177. 188 
abortus, 164 

agglutination test for, 192 
blood culture for, 177 
bronchlseptica, 175 
culture media for, 177 
melitensis, 161 
»uis 164 

Brucellosis, findings in, 55, 91, 92. 195, 196 
Buffer solutions, 259 
dextrose phenol for allergy extracts, 332 
pH of, 260 

sodium chloride, for bacterial antigens, 193 
for Mazzini antigen, 212 

Bums, severe, findings in. 14, 41, 47, 93, 268, 278. 298 
300, S02 

Butler and Tuthfll’s method for serum sodium. 300 

c 

Cabot sings In erythrocytes, 55, 58 
Caldum, carbons ie crystals in urine, 21 
In blood, determination of, 303 
interpretation of findings. 305, 310 
in calculi In urine, 18 
In feces, determination of, 306 
In urine, determination of. 305 
oxalate crystals. In feces, 127 
In urine, 20 

phosphate crystals in urine, 2! 
sulfate crystals in urine, 20 
Calculi, in urine, 16 
analysis of, 17 
description of. 17 
renal, findings in. 14. 23 
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Cambridge type o! electrocardiograph machine, 5-19 
Candida albicans, animal inoculation for. 212 
culture for, 212, 214 
differentiation from other Candida, 215 
examination for, 212 
in sputum, 149 

Capillary resistance (tourniquet test), 84, 86 
Capsule, stain, 165 
swelling, quellung reaction, 190 
Carbol fuchsm stain, preparation of, 559 
Carbon dioxide, atmosphere of, for bacterial growth, 1G9 
combining power of blood, determination of, 294 
Interpretation of findings, 296 
Carbonates in calculi In urine, 18 
Carbon laden cells in sputum, 147 
Carbon monoxide, test in blood, 59 
poisoning, findings in, 39, 288 
Carcinoma, findings in, 14, 15, 25, 88, 91, 100, 101, 102, 
103, 106, 123. 125, 128, 146, 161. 162, 268, 270, 271, 
278. 291, 289, 500. 305. 306, 310, 512, 515, 316. 325 
Cardiac decompensation, findings in, 4, 35, 40, 47, 147, 
271, 275, 283. 298, 323 
Carotene in blood, determination of, 318 
Interpretation of findings, 521 
Castaneda’s culture medium for brucella, 177 
Casts, hronchial In sputum, 147 
m urine, 23 
blood. 24 
epithelial, 24 
fatty, 24 
granular, 23 
hyaline, 23 
pus, 24 
waxy, 24 

Caudate epithelial cells In unne, 22 
Celiac disease, findings In, 105, 270, 290, 293, 505, 306 
310, 312 

Cell, count, Addis In urine, 19 
of blood, 34 
of body fluids, 158 
of cerebrospinal fluid, 152 
pack, 41 

Cells, endothelial In transudates, 159 
epithelial. In feces 126 
in sputum, 147 
carbon laden, 147 
heart failure, 147 
in unne, 22 

leukocytes, in cerebrospinal fluid, 152 
In exudates, 159 
In feces, 126 
fn transudates, 159 
in unne, 22 

macrophages In feces, 126 
tumor In body fluids, 158 
Cephalin cholesterol flocculation test, 121 
interpretation of findings, 122 
Cerebrospinal fluid, albumin in, 152 
amount of, 150 
appearance of. 154, 156 
bacteriological examination of, IBS 
blood fn, 150, 151 
bromide In, determination of. 326 
cell count of, 152, 153, 154. 156 
correction of, for erythrocytes. 153 
chlorides in 152 154, 156 
determination of, 299 
asternal puncture, 150 
coagulation of, 151 
collection of, 150 

colloidal gold test of. 153, 154, 156 


preparation of colloidal gold, 157 
color of, 151 

complement fixation test with. 

Eagle s method, 228 
Kolmer'a method, 233 
eul i ure of. 153. 166, 183 
cytology of, 152 
differential cell count of, 153 
findings in disease, 154, 155, 156 
Fnedlander’s bacillus In, typing of, 192 
function of, 150 
globulin In. 151, 151 
glucose fn, 152, 154 
determination of, 269 
guinea pig inoculation with, 153, 200 
Hemophilus Influenza In, typing of. 192 
in disease, 154 

Langes colloidal gold test of, 153, 154. 156 
typical curves of, 156 
location of, 150 

lumbar puncture, contraindications to, 150 
indications for, 150 

Neissena meningitidis in. typing of, 192 
Nonne-4peJt lest with, 151 
nonnal. 150, 154 
Pandy’s test with, 152 
pneumococci in, typing of, 192 
Pollock s method for cell count of, J53 
pressure of, 150, 154 
protein in. 151. 152, 154. 156, 277 
reaction of, 151 
Ross Jones test with, 151 
serological test of, 228, 233 
smear, for bactena In meningitis, 165 
for tubercle bacilli, 153 
source of, 150 
specific gravity of. 151 
sugar in, 152, 154, 156 
determination of, 269 
sulfonamides in, determination of, 325 
total protein In, 152, 154, 156 
determination of, 277 
Toxoplasma in, 79 
trypanosomes in, 79 
tubercle baalU la. 153 
turbidity of, 151 
ventricular puncture, 150 
H’asserraann test with, 228, 233 
results of, 155 

xanthochromic fluid, 79, 151 
Ceslodes (see “Tapeworms'’) 

Charcot Leyden crystals, in feces. 127, 141 
in sputum, 148 

Chemical, sterilization of bacterial vaccine, 193 
tests, of blood, 255 

normal values of, 256 
obtaining blood for, 255 
quantity of blood for, 256 
reporting of results, 263 
of body fluids, 158 
of cerebrospinal fluid, 151 
of duodenal contents, 104 
of feces 125 
of gastric contents, 100 
of unne, 6 

Chemicals, for standards, 259 
quality of, 259 
Chemistry, clinical, 255 

Cherry and Crandall’s method for serum lipase, 313 
Chilomastlx mesnih in feces, HI, 142, 143 
Chlorides, la blood, determination of, 296 
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Interpretation of finding*. SI. 298 
in cerebrospinal Quid, 152, 154, 156 
determination of, 299 
in unne, determination of, 299 
Chlorphenol ted indicator, preparation of. 359 
Chocolate agar, preparation of, 182 
Cholesterol, crystal*, in bile, 105 
in iputum, 148 
in urine, 21 

in blood, determination of, esters, 290 
total, 288 

interpretation of findings, 121. 290, 291 
Chyle in urine, 4, 6, 16 
Cili3tea (Balantidium coll) in feces, 143, 145 
Cinbojis of the liver, findings in. 4, 47, 85, 86, 91, 106 
112, 118. 121. 123, 125. 278, 281, 316, 323 
Cisternal fluid, 156 
puncture for, 150 

Clark and ColUp's method for blood calcium, SOS 
Classification, of anemias, 95 
of Mood groups, 244 
of fungi, 204 
of leukemias, 92 
of Rh Hr blood types, 249 
ot streptococci, 174 

Cleaning, blood counting apparatus, 37 
glassware, 257 
hematocrit tube, 41 
solution, preparation of, 258, 355 
Clearance, urea, for kidney function, 28, 281, 283 
Cleveland and Collier’s culture medium for protoroa. HO 
Clonorchu sinensis, 105, 137. 138 
Clostridia, differentiation of, 173 
petfringens, 172. 173, 179 
blood culture for, 178 
exudate culture for. 172 
feces culture for, 180 
Clot retraction time of blood, 81, 86 
Coagulase test for siaphylococd, 185 
Coagulation, of blood, 82 

determination of, capillary blood methods, 83 
Howell’s method, 83 
Lee and White’s method, 83 
theories of, 82 
of cerebrospinal fluid, 151 
of transudates and exudates, 159 
Coca’s solution, preparation of, 332 
Coed, Dlplococcus pneumoniae, 164, 170, 171, 172, 176, 
177, 183, 184, 188, 190 
Neisseria, catarrhalis, 170, 176, 183 
gonorrhoeae, 172, 176, 177. 182. 183, 188 
meningitidis, 170, 176, 177. 183, 188, 192 
Staphylococcus group, 161, 170. 171, 172, 176, 178, 183. 
185, 188 

Streptococcus group, 164. 170, 171, 172, 173, 174, 176, 178, 
179, 180, 183, 185. 188 

Cocddioides imtnltis, culture snd identification of, 209, 
210 

in sputum, 148 
skin test for, 209 

Cold agglutinins, tor erythrocytes. 247 
fn leishmaniasis, 78 
in trypanosomiasis, 79, 251 
in virus pneumonia, 254 
test for, 253 
Coll, (see “Escherichia - ) 

Colitis, findings in, 124. 125 
types of stools in, 141 
Collection of, bile, 93 
blood, S3, 34. 36, 176, 221. 226, 245. 255 
cerebrospinal fluid. 150 


duodenal contents, 98 
exudates, 158 
gastric contents, 97 
specimen for culture, 1G6, 182 
sputum, 146, 190 
synovial fluid, 159 
transudates, 158 
unne, 4 

Colloidal gold, preparation of. 157 
test with cerebrospinal fluid, 153 
Color, index of blood, 41, 42 44 
of bfle. 99 

of cerebrospinal fluid, 151 
of feces, 124 
of gastnc contents, 100 
of sputum, 146 
of urine, 3, 4 

Colorimeter, use of, photoelectric, 262 
visual, Dubosct]. 261 

Combined adds io gastric contents, 101 
Complement, preparation of, 222 
preservation of. 222 
Complement fixation test, 221 
Eagles method, for gonorehea, 228 
for syphilis, 222 
with spinal fluid, 228 
false reactions for syphilis in, 221 
Rolmer’s method, for gonorrhea, 234 
for syphilis, 229 
with spinal fluid, 233 
recording and reporting results of, 228 
theory of, 221 
with synovial fluid, 159 

Concentration and water excretion test lor renal fune 
Cion, 27 

Concentration method, for filaria, 80 
for ova and cysts, 136 
for pneumococa in sputum, 191 
for tuberde badlU. 128, 149, 178 
zinc sulfate flotation. 138 

Cone's method (or tubercle bacilli in teTthtosplnal fluid 
153 

Congenital Intestinal alkalosis, findings in. 296, 299, 303 
Congo red. indicator, preparation of, 359 
test, for amyloidosis and nephrosis, 16 
for blood volume. 46 
Conldia of fungi 205, 207 
Conldiopbore, of fungi, 205, 207 
in Aspergillus, 207 
in Peoialilum, 207 
Connective tissue, in feces. 127 
staining method for, ffeldenhain’s, 339 
Van Cieson’s, 310 

Connor's method for serum lipochroraic fndex, 321 
Consistency of, feces, 124, sputum. 146 
Coombs’ test for Rh antibodies, 251 
Copropotphyrin In urine. 13 

Coronary thrombosis, findings fn, 9. 88, 91, 1 1 6. 268, 275 
Corpuscles, blood, (see “Erythrocytes," “Leukocytes* 
"Mean corpuscular") 

Correlation of clinical and laboratory findings with renal 
pathology, 28, 31 

Corynebactenum diphtheriae, 164, 170, 172, 173, 188, 201 
culture for, 173 

pseudodiphtheritleum (diphtheroid), 164, 170, 172, 176 
178 

Cough plate method of culture for pertussis, 175 
Counting, bacteria in a vaedne, 198 
cells In, blood, 34 
body Buldi, 158. 159 
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cerebrospinal fluid, 152 
urine, 23 

chamber, Fuchs Rosenthal for cells in spinal fluid, 152 
Neuhauer ruling, 35 
platelets, 85 
spermatozoa, 160 

Cover glass method for blood films 48 
Creatine, determination of In unne, 287 
tolerance test, 287 

Creatinine, determination of, in blood, 285 
in unne, 287 

interrelation of findings, 31, 236, 2S8 
Cross matching of blood, 248 
slide method for, 243 
test tube method for, 248 
Cryptococcus neof ormans, 209 
in sputum, 148 

Crystals tn bile, cholesterol, 105 
in feces, caldum oxalate, 127 
Charcot Leyden. 127 
fatty and, 127 
hematoidin, 127 
triple phosphate, 127 
In sputum, Charcot Leyden, 148 
cholesterol, 148 
fatty add, 143 
hematoidin, 148 
leucine, 148 
tyrosine, 148 

In urine, ammonium biurate, 21 
bilirubin 21 
calcium carbonate, 21 
caldum oxalate, 20 
caldum phosphate, 21 
caldum sulfate, 20 
cholesterol. 21 
cystine, 21 

dtcalaum phosphate, 21 
hematoidin, 21 
bippunc aad 20 
leudne, 21 
sodium urate, 20 
sulfonamide, 21 
triple phosphate, 21 
tyrosine, 21 
unc aad, 20 

osazone (phenylhydrazme), 9 
Crystal violet slam, preparation of, 359 
Cullen’s method for pH of serum, 293 
Culter, Power, and Wilders test for Addison's disease 
309 
CultUTC, 

anaerobic methods, 169 

carbon dioxide tension method, 169 

collection of speamen for, 166 

examination of, 169 

for Brucella. 177 

for Clostridia, 172. 178, 180 

for diphtheria, 173 

for dysentery, 179 

for fungi, 204 

for gonococci, 177, 182 

for meningitidis 177 

for pertussts, 175 

for pneumococci, 177 

for protozoa, 140 

for Salmonella, 179 

for Shigella 179 

for streptocoed, 173 

for tubercle badlli, 178 

for tularcads, 178 


Henna’s slide method for fungi, 206 
identification of colonies of bactcna on, 170, 171, 175 
179, 180, 182 
incubation of, 168 
indole test of, 184 
inoculating methods for, 168 
isolation of mixed organisms from, 171 
media, 166 
alcohol in, 171 

Baltimore Biological Laboratory, 167 
blood agar, 167 

Boeck and Drbohlar’s for endamoeba, 140 

Boidct Gengou for H pertussis, 175 

Brewers thioglycoliate, 167 

Castanedas for Brucella, 177 

chocolate agar, 182 

choice of, for different materials, 166 

Cleveland and Collier's for endamoeba, 140 

Difco dehydrated, 167 

£, M E /Eosin Methylene blue), 179 

for amoeba, 140 

for blood culture, 176 

for Brucella, 177 

for Cl peTfnngens, 178, 180 

for gonococa, 182 

for tubeTde baalli, 179 

Greenspoons modification of Locfficr's blood serum, 
167 

inoculation of, 168 
Unmans for fungi, 204 
para amloobenzoic aad In, 1 66 
penialhn in, 171 
peniallinase in, 167 
Sabouraud s for fungi, 201 
Saenz's for tuberde badlli, 179 
selemte-F, 179 
sodium ande in, 171 
sodium bicarbonate in, 171 
SS (Salmonella-Shigella), 179 
sugar for indentificntioD. 167 
tetrathionate broth, 179 
thioglycoliate glucose broth. 167 
triple sugar iron, 180 
urease test, 180 
of blood. 176 
of body fluids, 183 
of cerebrospinal Bold, 183 
or ear, 172 
of exudates. 171 
of eyes, 172 
of feces, 179 
of fungi, 204 
of mastoids 172 
of nasopharynx, 172 
of postmortem material, 166 
of sinus, 172 
of sputum, 175 
of teeth, 184 
of throat, 172 
of tissues, 184 
of tonsils, 184 
of urethra, 182 
of unne, 178 
of vagina, 182 
pour piates, 168 
preparation for, 166 
shake, 168 
scab, 168 

subcultures of, 171 
typing of organisms In, 192 
Curschmsnn’s spirals in sputum, 147 
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Cyanosis, methemoglobin In. 39 
reduced hemoglobin In, 39 
Cylindrical epithelial cells In urine, 92 
Cylmdroids in urine, 24 
Cystine, calculi in urine, 17, 18 
crystals in urine, 21 
Cystitis, findings in, 5, 6, 23, 26 
Cysts, echinococcal, 136. 148 
hydatid, 136, 148 
of protozoa, amoeba, 143, 144 
Balantidium coll, 143, 145 
Chdonvaxtix. memi.lv, HI, 142, US 
concentration method lor, 136 
Embadomonas intestinalis, 142, 145 
Enteromonas hominis. 141, 142 
examination lor. 139 
Gmdla limbi', a. HI. 142. 143 
Iodine stain for, 139 
iron hematoxylin stain for, 139 
Cytology oE cerebrospinal fluid, 152 

D 

D Antoni's iodine stain for cysts, 139 
Dare's method of hemoglobin determination, 40 
DarVficld examination for spirochete*, 202 
Davidsohn's heterophil antibody test for Infectious mon 
onudeosfs 196 

Decaldfieatlon of tissue for sectioning. 337 
Deficiency diseases, (see "Vitamins") 

Degenerative index for neutrophils, 51 
Dehydration, findings In, 35. 40. 47. 275. 278. 281, 302 
Dennatomycosis, examination for, 215 
Epidermopbyton, 216, 217, 218 
Mtcrosporum, 215, 217, 218 
Trichophyton, 215, 216, 21B, 

Dermatophytes, 215 
hctopbenol cotton blue staid for, 216 
Dextrose, (see "Glucose") 

Diabetes, findings in, 
insipidus, 4, 5, 275, 547 

mellitus, 4, 5, 6, 8, 11. 85. 123. 268, 270. 271, 275, 285, 288, 
290, 296, 299, 303. 321 
renal, 9, 269, 275 
Diacetlc acid in unne. 11 
Gecbudt’a lest far, 12 
Rothera’s test for, 12 

Diameter of erythrocytes, method of determining 45 
Dianhea, findings in. 4, 11, 124, 126, 278, 296, 298, 299, 
303 

Diastase, (see “Amylase") 

Diatoms in unne, 24 
Diazo, reagent, 109, 111 
substances in urine, 15 
Dientamoeba fragills, 143, 144 
Differential count, of adults, 33. 50 
of body fluids, 158 
of bone marrow, 55 
of cerebrospinal fluid, 153 
of children, 40 
of leukocytes, 51 

Digestion for tubercle badlli. In feees, 128 
In spntum, 149 
oxalic aad method, 149 
sodium hydroxide method, 149 
In unne, oxalic add method, 178 
Diluting fluid for cell count of, 
cerebrospinal fluid, 152, 356 
erythrocytes. 358 
leukocytes, 356 
platelets, 85, 358 


Dlmethylaminoazobenzene indicator, preparation of, 359 
Diphtheria, badllus, (see "Corynebacterium diphtheriac”) 
findings in, 52. 86. 91, 93, 173 
virulence lest for, 201 
Diphtheroids, 170. 172, 170, 178 

Diplococcus pneumoniae, 164, 170, 171, 172, 176, 183 
188 

bile solubility of, 181 
blood culture for, 177 
capsular fuelling of, 190 
Lockard's concentration method in sputum, 191 
mouse Inoculation for, 191 
solubility of, 184 
bile lest for, 184 
sodium lauryl sulfate test for, 164 
typing of, 190 

Diphylloboihrium latum, 152, 133, 135 
Dittrich's plugs in sputum, 147 
Dog tapeworm in feces. 132, 133. 135 
DOhle's mduslon bodies In leukocytes, 52 
Donors for blood transfusion, 248 
typing for Rh factor of, 250 
Dracunculus medlnensls, 80 
Drainage, biliary, 98 
duodenal, 98 

Duboscq visual colorimeter, use of, 261 
Duke’s method for bleeding lime, 84 
Dunham's fermentation tubes, 167 
Duodenal contents, amylase in, 104 
blood In. 101 
drainage of, 93 

macroscopic examination of, 103 
microscopic examination of, 105 
parasites In, 105 
trypsin in, 104 
Dust, extraction of. 332 
Dwarf tapeworm in feces, 132, 133, 135 
Dysentery, agglutination tests for, 192, 195, 196 
findings In, amoebic, 92, 140, 141 
badllary, 124, 127, 141. 179, 195, 190 
types of stooli In, 141 

E 

Eagle s Wassermann test, 222 
1m gouonhtt, 22% 
qualitative method for syphilis, 226 
quantitative method for syphilis, 228 
reading of results in, 228 
with spinal fluid, 228 
Ear, culture of, 166, 172 
Echinococcus granulosus, 132, 133, 135 
hydatid cyst of. 136, 148 
In feces, 135 
In sputum, 148 
in urine, 25 
predpitin test for, 136 
skin test for, 136 

Eclampsia, findings In, 4. 11, 28, 91, 93, 109, 275, 285, 290 
296,298 

Edema, findings In, 4, 278, 299 
angioneurotic, 26. 91 
pulmonary, 146, 348 
Ehrlich's diazo, 
modified reagent, 13, 115, 355 
reagent. 109, III 
test for indole, 184 
test for urobilinogen, 
in feces, 114, 110 
in urine, 13, 116 
Elastic fibers, in feces, 127 
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In sputum, 157 
stain for in tissue, 550 
Electrocardiogram, 559 
artifacts in, 552 
interpretation of, 552 
method of taking, 350 
relation to heart beat, 353 
Electrocardiograph machine, care of, 350 
diagram of, 359 
operation of, 351 
Elliptical cells, 53 

Embadomonas Intestinalis, 142, 143, 145 
Embedding of tissue for sectioning. 337 
Emphysema, findings in, 296, 299, 318 
Empyema, findings In, 8, 15, 146, 148 
typing pneumococa in, 192 
Endamoeba, 140 (also see “Amoeba"} 
cob in feces, 143, 144 
histolytica, in duodenal contents, 105 
In feces, 143, 144 
in sputum, 148 
En doll max nana. 143, 144 
Enterobius vermlcularis, 129, 130, 131, 134 
life cycle of, 129 
swabs for, 135 

Enteromoaaj honuals, 141, 142, 143 
Enzymes, determination of, 
aad phosphatase in blood, 313 
alkaline phosphatase in blood, 310, 312 
amylase, in blood, 315 
In duodena] contents, 104 
Upase In blood. 315 
pepsin in gastnc contents, 101 
rennin In gastnc contents. 101 
trypsin In duodenal contents, 104 
Eosinophilia, 91 

Eosinophils, in blood. 51. 56. 57. 62 
in sputum, 149 
in transudates, 159 
Epidcrmophyton, 216, 217 
floccosum, 217, ZI8 
Epithelial, casts Jn unne, 24 
cells, in bile, 105 
In feces, 126 
m gastnc contents 103 
in sputum, 147, J49 
in unne, 6, 22 

Equivalent weight defined, 263 
Erythremia, findings in, 35, 47, 86, 94 
Erythroblast, 54, 56, 57, 58 
Erythroblastosis fetalis, findings In, 54, 109, 250 
Hr factor in, 250 
Rh factor in, 250 
Erythrocytes, 53, 56, 57, 58 
abnormal, 53, 56, 57, 58 
anisocytosfs of, 53 
azurophilic stippling in, 55 
basophilic aggregation in, 49, 54, 58 
Cabot rings in, 55, 58 
color index of, 41, 42, 44 
corpuscular values, (see mean corpuscular) 
counting of, 34 
source of error In, 36 
diameter of, 42, 44, 45 
elliptical cells, 53 
erythroblast, 54, 56, 57, 58 
fragility test for, 88 
hemoglobin content of, 54 
Howell Jolly bodies in, 55, 58 
hyperchromia, 54 
hypochromia, 54, 58 


la cerebrospinal fluid, 

correction of cell count for, 153 
in feces, 127, 141 
fn gastric contents, 103 
in sputum, 147, 149 
in urine, 23 
macrocytes, 53, 58 
malarial suppling fn, 55, 71 
mean corpuscular, diameter, 44, 45 
hemoglobin, 41, 43, 44 
concentration, 43, 44, 45 
thickness, 45 
volume, 43, 44 
mrgaloblasts, 54, 38, 57, 58 
megalocyte, 53 
microcytes, 53, 58 
normal, 53 

nonnoblasts, 54, 56, 57, 58 
normochromia, 54 
normocyte, 53, 58 
nucleated, 54, 56, 57, 58 
oval, 53 

packed (volume per cent), 41 
poikilocyte. 53, 58 
polychromatophilia, 54, 58 
polychroroatocytes, 58 
Price Jones count of, 45 
reticulated, 50, 55. 57, 58 
saturation index of, 42, 44 
acbuocytrt, 53 
sedimentation rate of, 87 
sickling of. 53, 58 
sire of, 53 
spheroid, 53 

staining properties, variations In, 49 
stippling of, 49. 54, 55, 58 
target cell, 54 

variations. In hemoglobin, 54 
in shape, 53 
in size, 53 

vital staining of reticulocytes, 50 
volume, index of, 42, 44 
thickness Index of, 45 
Erythrocytosis, 93 

Esbach’s quandtatne albumin test, 7 
Escherichia (coliform) group, 172, 176, 178, 179, 180, 181 
188 

Estiva autumnal malaria! parasite, 70, 71, 76 
Ethyl alcohol, (see “Alcohol") 

Euchlorhydna, 100 
Eumycetes (true fungi), 204 
Evans blue dye test for blood volume, 46 
Evelyn and Malloy’s method for, total hemoglobin, 38 
Van den BeTgh, 110 
Evelyn's photoeiectnc colorimeter, 262 
Ewald, stomach tube, 97 
tat meal, 99 

Exton Rose glucose tolerance test, 270 
Exton's, qualitative reagent for albumin, 7, 355 
test lor albumin 7 
Extracts, allergy, (see “Allergy") 

Extrinsic factor, 97 
Exudates, appearance of, 159 
bacteria in, 158, 159 
cells In, 158, 159 
dotting of. 159 
collection of, 158 
culture of. 166, 171 
differentiation from transudates, 159 
protein in, 158, 159, 275 
Rival la tat of, 158, 159 
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specific gravity of, 159 
Eye, culture of, 1S6, 172 

F 

Factor*, extrinsic, 97 
hematopoietic (afltianemlc), 95, 97, 121 
Intrinsic, 97 
Rh and Hr, 249 

Farmer and Abt's method for ascorbic add, 
in blood, 516 
in urine, 318 

Fasdola hepatlca, 137, 158 
Fasaolopsu busld, 137, 158 

Fasting contents of stomach, examination of, 103 
Fat, in feces, 127 

determination of, 291 
id gastric contents, 103 
in urine, 4, 6, 16, 22 
itiva tor. in u«ue, 338 
Fatty, add, crystals, in feces, 127, 128 
In sputum, 148 
determination of, in feces, 291 
casts in unoe, 24 
Feces, acholic, 124 
amoeba in, 140, 143. 144 
animal matter in, 127 
artifacts in, 125 

Ascans lumbncoides id, 129, 130, 151 
bactena in, 128, 179 
Balantidium coh In, 143, 145 
beef tapeworm in, 132, 133, 135 
bilirubin in, 126 
Bbstocystis hominu In, 128 
blood In. 125 
occult, 125 
test tor, \25 

calrium in, determination of, 30t 
cestodes in, 135 

Charcot Leyden crystals In, 127 
chemical examination of, 125 
Cbilomastix mesmli In, 141, 142, 141 
abates in, 145 
color of, 124 

concentration of ova and cysts to, 136 
connective tissue in, 127 
consistency of, 124 
crystals in, 127 

culture of, for bacteria, 166, 179 
for fungi, 201 

cysts of protozoa In, 139, 141, 142, 143, 144 
Dientamoeba fragihs In, 143, 144 
DiphyUobotbnum larum in, 152, 133, 135 
dog tapeworm in, 132, 133, 135 
Echinococcus granulosus in, 132, 133, 135 
elastic tissue in, 127 

Embadomonas intestinalis in, 142, 143, 145 
emulsion of, 125 

Endamoeba in, differentiation of, 140, 143, 144 
Enterobius vermiculans in, 130, 131, 134 
Fnteromonas bomlnis in, 141, 142, 143 
epithelial ceils in, 126 
eiythroeyies in, 127 
examination, chemical, 125 
macroscopic, 124 
microscopic, 126 
fat in, 127 

determination of, 291 
fatty add, crystals in, 127, 128 
determination of, 291 
fish tapeworm in, 132, 133, 135 


flagellates in. 14 1. 142. 143 
flukes, intestinal. 136, 137, 138 
food, undigested, in, 124, 127 
form of, 124 
Geotrichum in, 215 
Giardia lamblia in, 141, 142, 145 
Gmelin’s test for bile pigment In, 120 
guinea pig inoculation for tubercle baalli, 128, 200 
betnatoidin crystals in, 127 
hookworms in, 129, 130, 131 
Hymenolepis, diminuta in, 132, I S3, 135 
nana In. 132, 133, 135 
Iodamoeba bOtschhi in, 143, 144 
leukocytes in, 126 
lipids in, determination of, 291 
macrophages In, 126 
macroscopic examination of, 124 
microscopic examination of, 126 
molds in, 128 
mucus in, 121 
muscle fibers In, 127 
Necator americanus In, 129, ISO, 131 
nematodes in, 128 
neutral fats in, 127 
determination of, 291 
occult blood in, 125 
odor of, 124 
ova in. 129 138 
concentration of, 136 

Oxyuris vermiculans in, (see Enterobius vermlcularis) 
parasites in, 125, 128 
pioworms In, ISO, 131, 151 
pork tapeworm In, 132, 133, 135 
protozoa in, 138 
culture for, 140 
stain for, 139 
pus cells in, 126, 141 
quantity of, 124 
reaction of. 126 
roundworms in, 128 
Schmidt's test for urobilin In, 126 
starch in, 127 

Strongyloides stercorahs in, ISO, 131, 154 
Taenia, saginata fn, 132, 133, 135 
solium in, 132, 133, 135 
tapeworms in, 132, 133, 135 
trematodes In, 136, 137, 138 
Tnchmella ipiralu in, 130, 131, 134 
Trichomonas, horainis In, 141, 142, 143 
vaginabs in, 141, 142, 143 
Trichuns tnchiura in, ISO, 131, 134 
tubercle baallus in, 128 
undigested food In, 127 
urobilin In. Schmidt's test for. 126 
urobilinogen In, Watson's quantitative test 
for. 114, 116 
vegetable matter in, 127 
whipworm in. 130. 131, 131 
yeasts in, 128 
Felix Weil reaction, 195 
Fermentation test, for sugar In urine, 10 
Dunham's tubes for gas formation. 167 
Fevers, findings In, 4, 5, 6, 11. 83, 86, 275, 283, 288, 299 
323, 347 

Fibers, elastic, in sputum, 147 
in tissue, stain for, 310 
muscle, in feces, 127 
reticulum, in tissue, stain for, 341 
vegetable, in feces, 127 
Fibrinogen In blood, defidency of, 82 



INDEX 


373 


determination of, 276 
interpretation of findings, 121. 278 
Fibrinolytic activity of hemolyuc stieptococd, 185 
Fibrinous casta in unne, 24 
Field's stain for malaria, 69 
Fiiaria, Acanthocheiionema perstans 80 
concentration method for, 80 
Dracunculus medmensis, 80 
Loa loa. 80 
Mansonella ozzardi, 80 
Microfilaria streptocerca, 80 
Onchocerca volvulus, 80 
Wucherena, bancrofti, 80 
malayi, 80 

Filanasis, findings in, 16, 79, 221 
Films, blood, (see "Blood smears' 1 ) 

Filtrate, bacterial, 199 
protein free, o£ blood. 263 
Fish wpetvonn in leces, 132. 133, 135 
Flagella stain for bacteria 165 
Flagellar antigens, 193 
Flagellates in feces 141, 142, 143 
Chilomastix xnesmh, 141, 142, 143 
Embadomonas tntestmahs. 141, 142, 143 
Enteromonas homims 141, 142, 143 
Trichomonas, hominis. 141, 142, 143 
vaginalis, 141 142, 143 
Flocculation tests, cephalin cholesterol 121 
Kahn. 234 
Kline, 239 
Mazzini, 241 
thymol turbidity, 122 
Fluids, body, 158 
cerebrospinal, 150 
Cisternal, 156 
culture of, 183 
peritoneal, 158 
pleural, 158 
semen 160 
Synovial, 159 
ventricular, 156 
Flukes. 136, 137. 138 
blood, 187 

Schistosoma, haematobium J37, 138 
japomeum, 137, 138 
mansoni 137, 136 

intestinal, Fasciolopsis buskl, 137, 138 
User, Clonorchis sinensis 157, 138 
Fasdola hepauca, 137, 138 
lung, Paragonimus westermanl, 137, 138 
Foam test tor bile in urine, 13 
Foim and Ciocalteu s phenol reagent, 314 
Folin and Svedbergs method for blood urea nitrogen, 278 
Folin and Wu's method, for blood nonprotem nitrogen, 
273 

tor blood protein free filtrate 264 
for blood sugar, 265 267 
Felin's method for blood creatinine, 283 
Food, undigested. In feces. 124, 127 
Formalin fixation of tissue for sectioning, 336 
Formalin standards of Kingsbury Clark, for albumin in 
urine, 8 

for thymol turbidity and flocculation test 123 
Fouchet s reagent, 12, 335 
Fowweather s method for fecal lipids 291 
Fractional method for gastnc analysis. 99 
Fragility of erythrocytes. 88 
interpretation of, 91 
method for, 88 

Free hydrochloric acfd in gastric contents, 100 


Fnedemann and Haugens method for pyruvic acid, 321 
Fnedcmann and Millers method for vitamin A and 
carotene, 318 

FnedlSnders baallas, (see 'Klebsiella pneumoniae *) 
Friedman's test for pregnancy, 161 
quantitative test, 162 
From s syndrome, 151 
Frozen tissue sections, 337 
mining of, 338 

Fuchs-Rosenthal counting chamber for cells in spinal 
fluid, 152 

Functional tests, of kidney, 25 
of liver, 106 
Fungi, 

Actinomycetes, 148, 207, 210 
Aspergillus, 148, 205, 207. 215 
Blastomyces, 148, 208, 210 
Candida albicans, 148, 212, 213, 214 
classification of. 204 
Cocadioides lmmliis, 148, 209, 210 
colonics, appearance of, 206 
comdia of, 205, 207 

Cryptococcus neoformans. 148, 209, 210 
cultures for, 204 
Dermatophytes, 215 
direct smears for, 204 
Epldermophyton, 217, 218 
G corn chum, 215 

Hennd s slide culture method tor, 206 
Histoplasroa capsulatum, 211, 214 
Hormodendrum, compactutn, 217 
pedrosoi 217, 218 
hyphae of, 205, 206 
in sputum, 148 

lactophenol cotton blue stain tor, 216 
Liftman's medium for culture of, 204 
Malassena furfur, 219 
Microsporum, 217, 218 
moist preparation for, 201, 206 
Mucor, 205, 215 
mycelium of. 207 
Nocardia, asteroides, 148, 208 
gypsoides, 148, 208 
madurac, 208 
minutusima, 220 
tenuis, 219 

Penldlhum. 148, 205. 207, 215 
PbUlophorz verrucosa, 217 
Pledraia borui, 219 
slide culture method for, 206 
smears for, 204, 206 
spores of 205, 207 
Sporotricbum scbenckn, 212, 214 
terms applied to. 206 
thaliospOTCs of, 205 207 
Torula histolytica, 148, 209 210 
Trichophyton, 216, 218 
Trichosporon beigelil, 219 
Fusiform badtli, 165 


G 

Galactose test for liver function, intravenous, 119 
oral, 119 

Gangrene of the lung findings In, 146, 147, 148 
Gas bacillus (see “Cl perfringens") 
production by bactena, 167, 173, 181 
Gastric, analysis, 

fractional method of, 90 
routine method of, 99 
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test meals for, alcohol, 99 
Ewald, 99 
histamine, 99 
tubes used for, 57 
passage of. 97 
types of, 97 

contents, acidity of, 100 
combined acids. 101 
free hydrochloric add, 100 
lactic add, 101 
total acid, 101 
appearance of, 100 
bacteria In. 105 
bile in, 100, 102 
blood In. 100, 102 

Boas Oppler bacillus in, 103 
chemical examination of, 100 
collection of, 97 
color of, 100 
combined acids of, 101 
epithelial cells In, 105 
erythrocytes in, 105 
fasting 99, 105 
appearance of, 103 
microscopic examination of, 103 
mucus in. 105 
quantity of. 103 
free hydrochloric acid in, 100 
general considerations of. 97 
lactic acid in, 101 
microscopic examination of. 102 
mucosa In 103 
mucus In, 100 
obtaining of, 97 
occult blood in. 102 
odor of, 100 

pepsin and pepsinogen In, 10) 
pH of, 100 
pus cells In, 103 
quantity of, 99, 103 
reaction of 100 
rennin, determination of, 101 
Saranac In, 103 
total adduy of, 101 
yeast cells in, 103 
washings for tubercle badlh, 98 
guinea pig inoculation of. 200 
Castruu, findings in 15, 100, 101, 103 
Gaudier s disease, findings in, 68, 91. 92, 290 
Gelaun, liquefaction of, by bacteria. 169, 175. 174. >81 
mixture for preparauon of swabs, 182 
Genitalia, culture of, 1G6, 182 
Geotnchum, 215 
in sputum, 148 

Gcrhardt’s test for diacetic add, 12 
Giardia lamhlia, in duodenal contents, 105 
In feces, HI, H2, M3 
Clemsa's stain for malaria, 69 
Glassware, denning of, 258 
quality of, 255 
Globulin. In blood, 276. 278 
In cerebrospinal fluid, 151, 154, 156 
Glomerulonephritis, (see "Nephritis”) 

Glucose, determination of, fn blood, 

Folin Uu macromethod, 265, 257 
micromethod, 266. 267 
Interpretation of findings, 268 
photoelectric colorimeter method, 267 
In cerebrospinal fluid, 152, 269 
interpretation of findings 154, 156 
in urine, 8 


renal threshold of, 268 
tolerance test. 

Exion Rose divided oral dose method 270 
interpretation of findings, 120. 209, 270, 271 
intravenous macrointenal method, 271 
microinterval method, 270 
Janney Isaacson single oral dose method, 269 
Glycosuria, 8 

Gmelina test for bile pigment, in fetes, 126 
in gastric contents, 102 
in urine, 12 

Cold test, Lange’s colloidal, 153 
Gonococcus, complement fixation test for, 223, 231 
culture of, 182 
identification of, 183 
In urine, 25 

Gonorrhea, Eagle’s Wassermann test for, 228 
findings in, 6. 23, 92, 229 
kotmeri complement fixation test for, 234 
Gout, findings in, 88, 91, 275, 285 
Cowers solution, preparation of, 356 
Craham swab for pinwonnt, 131 
Gram negative organisms. 161. 170 
intestinal, reactions of, 181 
Gram positive organisms, 161, 170 
Gram s Iodine, preparauon of, 359 
stain, method for, 161 

Gram Wcigert stain for bacteria fn tissue, 311 
Granular casts In unne, 23 
Granulocytic series In blood. 51, 52. 50, 57 
Green's modified method for sulfobromophthaldn test, 112 
Greenspoon’s modification of Loefflet’s blood serum, 167 
Grouping of blood, 214 
(sec "Blood groups") 

Gualac test for occult blood. In feces, 125 
in gastnc contents, 102 
in urme, 15 

Guinea pig, bleeding for complement, 222 
Inoculation of, for Actlnomycetes, 208 
for Blastomyces, 209 
for Cocddioidcs 209 
for Ilistoplasma. 211 
for Leptospira, 81 
for spirillum of rat bite fever, 82 
for Toxoplasma 79 
for trypanosomes, 79 
for tubercle bacilli, 128, 149, 153. 199 
kidney antigen for absorption test, 197 
worm, 80 

Gutman and Gutman a method for add phosphatase, 313 
Guuelt's method for arsenic in urine, 331 

II 

"H" antigen, preparation of, 193 

Haden Hausers method of hemoglobin determination, 37 
Haden a method for blood protein free filtrate, 264 
Hangers erpb ah n -cholesterol flocculation test, 121 
Harris' hematoxylin stain, preparation of, 339 
Harrisons spot lest for bile pigment, |2 
Ilayem's solution, preparation oi. 356 
Heart disease, findings in, (see "Cardiac decompensation") 
Heart failure cells in sputum, 147 
Heat and accuc sad test for albumin in urine, 7 
ITcidcnhain's, aniline blue suin for connective tissue, 339 
iron hematoxylin stain for tissue, 339 
Hellers nitnc add test for albumin fn urine, 6 
Helly‘« fixative fluid for tissue, 336 
Hematemesis, 102. 146 
Hematin, acid, method for hemoglobin, 37 
Hematocrit, deamng of tube, 41 
determination of, 41 
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Hematoldm crystals, in feces, 127 
in sputum, 148 
in urine, 21 

Hematology, (see "Blood”) 
anticoagulants used in, 34 
norms 1 values in, 33, 40 
Hematopoietic (antianemic) factor, 97 
Hematox) 1m and eosm statn, 338 
Hematuria, 14, 23 

Hemochromatosis, findings in, 22, 278 
Hemocytometer, cleaning of, 37 
improved Neubauer ruling of, 35 
Hemoglobin, 
determination of, 37 
carbon monoxide, 39 
Dare's method, 40 
Haden Hauser s method, 37 
Newcomer's method 38 
photoelectric colorimeter method, Jp 
Salih Helhgc method, 37 
Tallqvists method 40 
total hemoglobin, 38 
interpretation of, 40 
mean corpuscular, 41 
concentration. 45 
standards, 37 
Hemogloblnemia, 41 

Hemoglobinuria, paroxysmal, 14, 41, 109 
Hemogram, Schillings, 51 

Hemolysin, antisheep for complement fixation test, 223 
test for streptococci, 185 
Hemophilia, findings in 82 83, 86 290, 305 
Hemophilus, hemolyticus, 170 176 
influenzae, 170, 172, 176, 183, 188 192 
pertussis, 175, J88 
agglutination test for, 175 
Hemoptysis, 102, 146 

Hemorrhage, findings in. 35, 47, 55 68, 86, 91, 93 278, 296 
of the gastro intestinal tract, 124 127, 275 
of the lung (pulmonary), 146, 147, 148, 149 
of the newborn 82 83, 84 86 
Hemorrhagic tendencies, tests for, 82 
Hemosiderin, In sputum, 147 
in urine, 22 

Prussian blue reaction of, 22, 147 
Henrfa slide culture method for fungi 206 
Heparin In blood, 82 

Hepatitis, 112 316, (see "Infectious hepatitis”! 

Heredity of, blood groups, 253 
elliptical cell trait, 53 
sickle cell trait, 53 
spheroid cell trail, 53 
Heterophil antibodies, 195 
absorption test for, 197 
agglutination test for, 196 
Hippunc add, crystals in unne. 20 
liver function test, 118 
Histamine test for gastnc analysis 99 
Histoplasma capsulatum, 211, 214 
Hodgkin s disease, findings in, 92, 93. 312 
Hoffman's modification of the Fnedman test, 162 
llomogenttsrc add in unne, 4 
Hookworm in feces. 129, 130, 1X1 
Horrnodendrura, compactum, 217 
pedrosoi, 217, 218 
House dust extract, 352 
Howelt Jolly bodies in erythrocyte*. 55, 58 
Howells, method for coagulation, 83 
theory of coagulation, 82 
Howes method for blood total protein, 275 


Hr factor, 250 
classification of, 249 

Huckers modification of Gram stain, 164 
Hyaline casts in urine, 23 
Hydatid cyst, 136, 1 48 

Hydrochloric sad, in gastric contents, 97, 100 
normal solution, preparation of, 357 
Hydrogen ion concentration, (see "pH'7 
Hydrogen peroxide, test for activity of, 14 
Hymenolepis diminuta, 132, 133, 135 
nana, 132, 133, 135 
Hyperbilirubinemia, 109 
Hyperchforhydna, 100 
HyperchTomemla, 40 
Hyperchromia, 54 
HypeTcbromic anemia, 44, 96 

Hypercorticoadrenalisra, findings in, 270, 272, 296, 299, 392 
303, 317 

Hyperemesis. 275 

Hyperinsulinism, findings in, 268. 270, 272, 303, 309 
Hyperpituitarism, findings in. 268, 270, 272 
Hypertension, findings in 8. 26, 31, 32. 271, 275. 285, 299 
326. 347 

Hyperthyroidism, findings in, 26, 47, 92, 268, 270, 272 
288, 290, 306, 307 . 310. 312 316, 323 
Hypervitaminosis, findings In, 17, 305, 306 309, 310 
Hyphae of fungi 205 206 
Hypobllmibinerala, 109 
Hypochiorhydna 10 0 
Hypochromia. 54, 58 
Hypochromic anemia, 44, 96 
Hypoparathyroidism, findings in 305, 306, 309 310 
Hypopituitarism, findings in, 268, 270, 272, 300, 347 
Hypothyroidism, findings in, 268, 270, 290, 306 312, 347 
Hypotonic salt solution, resistance of erythrocytes to, 88 


I 

Icterus Index, determination of, 107 
interpretation of findings 108 
Inanition, findings in, 91, 281, 290 
Index, color, 41 

degenerative, of neutrophils, 51 
icterus, 107 

lipochromie, 321 
saturation. 44 
volume, 44 

India ink capsule stain, 165 
Indican in Urine 15 
Indicators, preparation of, 358 
range of, 359 

Indole, reaction of bacteria to, 173, 181, 184 
tew for, J84 

Infectious, findings in, 41, 52, 53, 88, 92, 93, 208 275, 278 
321 

acute, 86, 88. 91, 92, 285, 290, 299, 303 
chronic, 14, 53. 88. 92, 159 

Infections hepatitis, findings In, 52, 91, 92, 106, 108, 109 
122, 123, 221. 278, 312, 316, 321 
lymphocytosis, 92 

mononucleosis Davidsohns heterophil agglutination test 
for, 196 

findings in. 52 68, 88. 92, 93, 122 196 197, 221 
pathological lymphocytes in, 52 
Inflnenza, (see * Hemophilus inCuemae”) 
findings In 82, 91 

Inoculation of, culture media, 168 
guinea pig. 79, 81, 82, 199, 201, 208, 209 211 
mouse, 79 81. 162, 191. 209, 211 
rabbit. 161, 212, 223 
rat, 212 



376 


MANUAL OF CLINICAL LABORATORY METHODS 


Inorganic phosphorus in blood, determination of, 307, 309 
interpretation of findings, 309, 310 
Jnsutm tolerance test, interpretation of findings, 27 1 
intravenous method for, 271 
subcutaneous method for, 271 
International classification of blood groups, 244 
Intestinal, badlli. Identification of. 181 
flute, 137, tS» 

obstruction, (see “Obstruction") 
parasites, 128 

Intradermal test for, coccidioidomycosis. 209 
echinococcus, 136 
histoplasmosis, 211 
trichinosis, 134 
Intrinsic factor, 97 
lodamoeba bduchlii, M3, 144 
Iodides in urine, 16 

Iodine, solution, for disinfective purposes, 355 
tenth normal, preparation of, 358 
stain for cysts in feces, 139 
test for starch in feces, 127 
iron hematoxylin stain, for protoroa, 139 
for tissue, 339 
Isoagglutinins in serum, 214 
Isoagglutinogenj In erythrocytes, 244 
Ivy’s method for bleeding time, 84 

J 

Janney Isaacson glucose tolerance test, 269 
Jansky’* classification of blood groups. 214 
Jars, anaerobe, 169 
carbon dioxide, 169 
Jaundice, findings in, 

hemolytic, 12, 45, 55, 85. 88. 91, 96. 108, 109, 110, 111 
U6, 118, 119, 122 

hepatogenous, 12, 86, 106. 108, 109. 110. 111. 114, 110 
118, 119, 120, 121, 122, 123, 278 
obstructive, 12, 45, 82 83, 85, 86, 106, 108, 109, 110. 
HI. 114, 116, 118, 119. 120, 121, 122, 290, 293. 310, 
312. 321 

spirochetal, 81, 109 
Joint fluids, 159 
culture of, 183 

K 

Kahn, flocculation rest, 234 
quantitative lest, 237 
standard test, 236 
supplementary test, 237 
units, 237 

verification test, 238 

Kala am, findings in, 78, 91, 92, 221, 278 
Kelling’s lest for lactic add, 101 
Kepler s test for Addison’s disease, 300 
Ketone bodies In urine. 11 
Ketosis, 11 

Kidney, calculus of, 4, 14, 23 
fatty degeneration of, 16 
function of. 3. 28 

functional tests, (see "Renal function") 
hyperemia. 23 
nephron, 4 

passive congestion of, 6, 14, 26, 28 
stones, (see “Urinary calculi") 
tuberculosis of, 14, 23 
tumor of, 4 

Kingsbury's test for albumin In urine, 8 
Kingsleys method for albumin in blood, 275 
Klebsiella pneumoniae, 170. 172, 176, 181, 188 
typing for in sputum. 192 


Klett Summerson photoelectric colorimeter, 262 
Kline’s flocculation tat, 239 

Koch and McMeeUn’s method for nonprotein nitrogen 
272 

Kolmers complement fixation tat, 229 
for gonorrhea, 254 
qualitative method for syphilis, 232 
quantitative method for syphilis, 233 
with spinal fluid. 233, 234 

L 

Lactic add In gastric contents, 101 
Lactopbenol cotton blue solution, 216 
Lactose in urine, 11 
Lambert’s law of colorimetry, 261 
Lancefield s groups of sireptococd, 174, 175 
Landsteiner's classification of blood groups. 244 
Lange's colloidal gold tat, 153 
Lead poisoning, findings in, 13, 50, 54. 55, 91, 285 
Lee and White’s method for coagulation time, 85 
Leishman Donovan bodies in blood, 78 
Ldshmanla, brazillemls, 78 
donovani. 76 
tropica, 78 

Leptospirosis, diagnosis of, 81 
Leptotnchla buccalis in sputum, 148 
Leucine crystals, in sputum, 146 
In urine. 21 

Leukocyta, abnormal, 52 
Ameth’s dassificatlon of. 51 
counting of, 36 
sources of error in. 36 
degenerated forms of, 53 
differential count of, 51 
interpretation of, 91 
diluting fluid for. 356 
granulocytic series, 51 
In cerebrospinal fluid, 152 
in fcca, 126 
In unne, 22 
lymphocytic serf a. 52 
monocytic series, 53 
normal, 51, 56 

Schilling’s, classification of, 31 
hemogram, 51 
toxic, degeneration ol, 51 
granules in, 51 

Leukemia, characteristics of, 92 
classification of, 92 

findings in, 8, 35, 47. 53, 54, 68, 83, 84, 85, 86. 92, 94. 275 
278, 285, 289. 290. 347 
aleukemic, 91, 92 
lymphocytic. 52. 86, 91. 92, 93. 196 
monocytic, 53, 92, 93 
myelocytic, 52, 55. 86. 91, 92. 93, 315 
plasma cell, 52. 53, 93 
Leukemoid reactions, 93 
Leukocytosis, 52, 91 
Leukopenia, 91 

Levine and Bodansky’s method for ethyl alcohol 
In blood and unne, 329 
Levine stomach tube, 97 
Liebermann Burchard reaction, 288 
Life insurance method for albumin in urine, 8 
Lignin lest for sulfonamides in urine, 21 
Lipase In blood, determination of, 315 
interpretation of findings, 315 
Lipids In feea, determination of, 291 
Interpretation of findings, 293 
Iipochitunic Index of blood, determination of, 321 



INDEX 


377 


Lit man'* medium for fungi, 204 
Liver, damage, findings in, 15, 121, 122. 125, 270, 271, 
278, 281, 290, 291, 515, 316, 321 
fluke. 92, 157, 138 

function tests, albumin-globulin ratio, 121 
bilirubin excretion. 111 
blood, count for anemia, 121 
urea, 120 
bromsulfalcm, 112 
cephabn cholesterol flocculation, 121 
cholesterol and cholesterol esters, 121 
differential diagnosis of Jaundice, 110 
fibnnogeD, 121 
galactose, intravenous, 119 
oral, 119 

general considerations, 106 
glucose tolerance, 120 
hippunc acid, intravenous, 119 
oral, 118 

icterus index, 107 
phosphatase, alkaline, 118 
prothrombin time, 121 
response to vitamm K therapy, 121 
selection of, 106 
sensitivity of, 106 
sulfobxomophihalein, 112 
thymol turbidity and flocculation. 122 
urobilinogen, in feces, 114 
in urine, 116 

Watson s two hour urine and short fecal method for 
116 

Van den Bergh. 108 1 10 
Loa loa, 80 

Locfcard s concentration method fot pneumococci in 
sputum, 191 
Locke s solution, 258 

Loeffler’a, blood serum medium (Creenspoon’s modifier 
tion), 167 

methylene blue stain, 164, 359 
Lozmer, Winkler, Taylor, and Feins' method fox glucose 
tolerance test, 271 

Lugol's solution, preparation of, 359 
slain for starch, 103, 127 
Lumbar puncture. 159 
Lung fluke, 137, 138 
Lymphoblast, 52, 56, 57, 64 
Lymphocytes, in blood, 56, 57, 64 
in sputum, 149 
pathological, 52, 57, 64 
Lymphocytic, leukemias, 92, 93 
senes in blood, 52 
Lymphocytosis. 92 

M 

M and N agglutinogens, 244 

MacLagan's thymol turbidity and flocculation test, 122 
Macrocyte, 53, 58 
Macrocytic anemia, 44, 95, 96 
Macrophages differentiation froth amoeba, 140 
in feces, 126, 141 

Macroscopic, agglutination tests. 191 
examination of, bile, 105 
cerebrospinal fluid, 151 
duodenal contents, 103 
feces, 124 

gastric contents, 99. 103 
semen, 160 
sputum, 146 
orrne, 4 


Magnesium in calculi, 18 
Malaria, estivo autumnal, 70, 71, 76 
findings in, 55, 68, 70, 78, 86, 91, 92, 109. 122, 221, 278 
laboratory findings in, 70, 78 
quartan, 70, 71, 74 
tertian, 70, 71, 72 

Malarial parasites, asexual cycle (schizogony), 69 
Fields stain for, 69 
Ciemsa’s stain for, 69 
Plasmodium, falciparum, 70, 71, 76 
malariae, 70, 71, 74 
■nrax, 70. 7l, 72 
sexual cycle (sporogony), 70 
thick tmean for, 68 
Malassem furfur, 219 
Mansonella ozzardi, 80 
Manson’s methylene blue stain, 50, 356 
Mastoid, culture of, 172 
Maternity, exclusion of, by blood groups, 253 
Mayer’* albumin-glycerin fixative. 337 
Mazanfs flocculation test, 241 
qualitative, 243 
quantitative, 243 

McCord's method for staining basophilic aggregations, 43 
McFarlands nephelometcr, 199 

McKean, Myers, and Von der Heide’s method for glucose 
tolerance test, 270 
Meals, test, (see "Test meals") 

Mean corpuscular, diameter, 44, 45 
hemoglobin, 41, 45, 44 
concentration. 43, 44. 45 
thickness, 45 
volume, 43, 44 

Measles, findings In, 15, 91, 221 
Media, culture, (see "Culture media") 

Medicolegal application of blood groups, 253 
exclusion, of mix up of Infants, 253 
of paternity and maternity, 253 
in criminal cases, 253 
Megakaryoblast, 53, 57 
Megakaryocyte senes, 53. 57, 66 
Megaloblast, 54, 56, 57, 58 
Megalocyte, 53 
Melanin In urine, 4 
Meningitis, findings in, 82, 91, 157 
epidemic, 93. 151, 154, 192 
influenzal, 154, 192 
lymphocytic-chono, 154 
pneumococcus, 154 
pyogenic, 154 
syphilitic, 151, 155 
tuberculous, 151, 154, 157 
Meningococcus, (see "Neisseria meningitidis") 
carriers, culture for, 172 
Mercury, in unne, determination of, 331 
poisoning findings m, 4, 91, 93. 109, 275, 28-5, 299 
Metabolism, basal, 313 
Metamyelocyte, 52, 56, 57, 60 
MethemogJobm, 39 

Methyl, orange indicator, preparation of, 359 
red Indicator, preparation of, 359 
Methylene blue, stain, method for, 164 
solution for, 359 
test for bile in urine, 13 
Meulengracht'* method for icterus Index, 107 
Microcyte 53, 58 
Microcytic anemia, 44, 96 
Microfilana strep tocerca. 80 
Micrometer, ocular, 45 
stage, 45 
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Microscopic examination of, bile, 105 
body fluids, 158 
duodenal contents, 105 
feces, 126 

gastric contents, 102. 105 
sputum, 147 
urine, 19 

Microsporum, 215, 217, 218 
Millicqulvalent, defined, 2CS 
values for constituents of blood, 203 
Mllltaol, defined, 263 
values for constituents of blood, 263 
Mdlon’s reagent, 19 
Molar solution, 258 
Molds in feces, 123 

Moller, McIntosh, and Van Slype's method for urea clear 
ance test, 281 

MoniUa albicans, (see "Candida albicans") 

Moniliasis, 146, 212 
Monoblasts, 53, 56. 57, G6 
Monocytes, 56, 57, 66 
Monocytic, leukemia, 92 
Naegell type, 92 
Schilling type, 92 
series, 53 
Monocytosis, 92 

Mononucleosis, Infectious, Ending s In, 52, 63, 88, 92, 93, 
122, 196, 197, 221 
heterophil antibody test for, 195 
Moraxella lacunata, 161, 172 
Morowits's theory of blood coagulation, 82 
Mosenthal's concentration test for renal function, 27 
Moss* classification of blood groups, 244 
Motility of bacteria, 169. 173, 175, 181 
Mouse, inoculation of, for Ascheim Zondek quantitative 
test, 162 

for Blastomyces, 209 
for Borrelia of relapsing fever, 81 
for Cryptococms. 211 
for Hfsioplaima, 21 1 
for pneumococci. 191 
for Toxoplasma, 79 
for trypanosomes, 79 
tapeworm. 132, 155 
Mucin In Urine, 8 
Mueor, 205, 215 
Mucosa in gastric contents, 103 
Mucus, in feces, 121, HI 
In gastric contenU, IOO, 103 
in urine, 6. 24 

Multiple, myeloma findings In, 8. 41, 52, 53, 87, 93. 278, 
305, 300, 310, 312 
idcrosls, findings In, 155, 290 
Mumps, findings in, 92, 221, 316 
Murexlde test for urine calculi, 17 
Muscle fibers in feces, 127 
Muscular dystrophies, findings in. 288 
Mycelium of fungi, 207 

Mycobacterium tuberculosis. 24, 98, 128, 148, 153, 178, 
188, 199 

Mycology, 201, (see "Fungi*) 

Myelin globules in sputum, 147 

Myeloblasts, 52, 56, 57, 60 

Myelocyte, 52, 56, 57, 60 

Myelocytic leukemia, 92, 93 

Myxedema, findings In. 47, 91, 157, 302, 309 

N 

Naegli type of monocytic leukemia. 92 
Nasopharyngeal culture, 172 
swab* for, 152 


Neeator amcricanus, in duodenal contents, 105 
In feces. 129. 130, 131 
in sputum, 148 
life cycle of, 129 

Neefe's modification of the thymol turbidity test, 122 
Neisseria, catarrhalis, 170, 176, 163 
differentiation of, 183 
gonorriioeae, 172, 176, 177, 182. 183, 188 
meningitidis, 170, 170. 177, 183, 188. 192 
oxydase reaction of, 182 
Nematodes, (see "Roundworms") 

NepbelotnetCT, McFarland's, 199 
Nephritis, findings in, acute, 4, 5, 14, 20, 22, 23, 21, 26 
29, 31, 278. 281, 265 

chronic 4. 5, 8, 20, 22. 23, 24, 26. 30, SI. 47, 82, 88, 116. 
268, 270, 275, 278, 281, 285. 286. 288, 290, 291, 296, 
299, 302, 303, 305, 306, 307. 309, 312, 316, 321 
Nephrosclerosis, findings In, 32 
Nephrosis, Congo red lest for, 10 
findings In. 4, 10. 22. 88. 123, 278, 281, 283, 290, 291. 
208, 303, 317 
Nesiler's reagent, 274 
Neubauer ruling of hem ocy tome ter, 35 
Neufeld queilung test for typing pneumococci, 190 
Neurofibromatosis, findings in, 305, 309, 310, 312 
Neutral, fat In feces, 127 
determination of. 291 
red Indicator, preparation of, 359 
Neutrophilia, 91 

Neutrophils, Amcth'i classification of, 51 
degenerative Index of, 51 
description of. 51. 56, 57 
DOhlcs inclusion bodies in, 52 
Schilling's classification of, 51 
toxic granules In, 51, 52 

Newcomer’s method of hemoglobin determination, 38 
Mil swab to detect pinworms, 131 
N'itnsine paper as pH Indicator, 5, 126 
Nocardia, culture of, 208 
fn sputum, 148 

NonneApelt test for protein in cerebrospinal fluid, 
Nonprotein nitrogen in blood, determination of. 

Folln and Wu*i method for, 273 
Koch and MeMeckln's method for, 272 
interpretation of findings, 275 
Normal, solutions. 258, 259, 357 
valuet for, cerebrospinal fluid, 154 
chemical determinations, 256 
hematology, 33, 40 
Normoblast, 54. 56, 57, 58 
Normochromla, 54 
Normochromic anemia, 44, 93 
Normocyte, 53 
Nose, culture of, 166, 172 

o 

“O" antigen, preparation of, 193 
Obermayera reagent, preparation of, 15. 355 
test for Indfcan in urine, 15 
Obstruction, findings in, duodenal, 102 
intestinal. 15. 100, 124, 275. 278, 281, 265, 286, 290. 298 
315. 316 

pyloric, 101, 103, 290. 302. 309 
Occult blood, (see "Blood, occult”) 

Odor of, feces, 124 
gastric contents, 100 
sputum, 146 
urine, 6 

Oligochromemla, 40 
OflgocyibemJa, 55 
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Oliguria, 4 

Onchocerca volvulus, 80 
Oriental fore, 78, 92 
Origin of blood cells, 57 
Orthostatic albuminuria, 6 
Osazones (phenylhydrazine), 9 

Osteitis deformans (Paget a disease), findings in, 306, 310, 
312. 315, 347 

Osteomalacia, findings In, 305, 306, 307, 309. 310, 312 
Ova, concentration of, 136 
in duodenal contents 105 
in feces, 129 
in urine, 25 
Oval cells, 53 

Oxalates in calculi In unne, 18 
Oxalic a ad, method for digestion of sputum, 149 
of untie, 179 

preparation of normal solution, 357 
Oxydase reaction of bactena, 182 

Oxyhemoglobin, photoelectric colorimeter method of de- 
termination, 33 

Oxyuris vermlcularis, (see "Enteroblus verauculans ") 

P 

Paget’s disease, (see “Osteitis deformans”) 

Pancreatic Insufficiency, findings In, 105, 293, 305 
Pancreatitis, findings in, 105, 315, 316 
Pandy's test for protein in cerebrospinal fluid, 152 
Para cololxict nun group. 1BI 
Paraffin, method for embedding of tissue, 337 
nngi an glass slides. 239 
Paragonimus westermani, 137, 138, 148 
Parasites, In blood, 68 
In cerebrospinal fluid, 79. 151, 153 
In duodenal contents, 105 
in feces 1 28 
in muscle, 154 
fn sputum, 148 
in urine, 25 

Paratyphi, (see "Salmonella group") 

Pasteurella tularcusis, 176, 178, 188, 194 
culture of, 178 

Paternity, exclusion of by blood groups. 253 
Pathological large lymphocyte, 52 
Paunz's test for amyloidosis and nephrosis, 16 
Pellagra, (sec “Vitamin”) 

Penicillin, assay of, 185 
method for isolation of mixed organisms, 171 
sensitivity test for, 187 
therapeutic value of, 188 
Penicillinase, use of, 167 
Pemcilhum, 205, 207, 215 
In sputum, 148 
Pentose In unne, 11 

Pepsin and pepsinogen in gastric contents, 97, 101 
Peritoneal fluid, 158 
culture of, 183 
Toxoplasma in, 79 
Peritonitis, findings in, 15, 275, 281 
Peroxidase method for staining blood, 49 
Washburn's stain for, 356 
Pertussis, examination for, 175 
findings in 92, 93, 146. 172 
Petragnmi culture medium, preparation of, 179 
pH. nltrazine paper as indicator of, 5 
of buffer solutions. 260 
of gastric contents. 100 
of semen, 160 

of serum, determination of, 293 
of unne, 5 

Phenol red indicator, preparation of, 359 


Phenolphtbaldn indicator, preparation of, 359 
Phenolsulfonephthalem renal function test, 25 
pathological findings in, 26 
Phenomenon, Rumpel Leede, 64 
Phenylhydrazine test for sugar in unne, 9 
Fhenylpyruvic acid fn unne, 14 
Phialophora vemicosa 217 

Phosphatase, add, determination of, in blood, 313 
interpretation of findings, 315 
alkaline, determination oi in blood. 

BodanjVy’i method, 310 
Gomon'i method, 312 
interpretation of findings 310, 312 
Phosphates, amorphous In unne, 20 
in unnary calculi, 18 

Phosphorus, inorganic, determination of in blood 
Bodanrky s method, 307 
Gomon s method, 309 
interpretation of findings, 309, 310 
Photoelectric colorimeter, method for, 
albumin in serum 276 
bilirubin fn serum, 1 10 
bromides in serum, 325 
bromsulfalem in serum, 112 
carotene in plasma, 318 
cholesterol, in serum, 289 
esters In serum. 291 
creatine In unne. 287 
creatinine, in serum, 285 
in urine, 287 

Evans blue dye estimation of blood volume, 46 
glucose in blood, 267 
hemoglobin in biood, 38 
icteruj Index in serum, 107 
nonprotein nitrogen In blood, 273 
pH of serum, 293 
phenolsulfonephthalem in unne, 26 
phosphatase, acid, in serum, 313 
alkaline, in serum, 312 
phosphorus (inorganic) fn serum, 309 
protein, total, in serum, 276 
pyruvic add in biood, 321 
salicylic add in serum, 526 
aulfobromophthalein in serum, 1 12 I 

sulfonamides fn serum, 324 
thiocyanates in serum, 327 
thymol turbidity of serum, 123 
total protein, and fractions In scrum. 276 
in spinal fluid. 277 
urea, in blood, 279 
in urine, 282 

urobilinogen, in feces, 115, 117 
in unne. 110, 117 
Van den Bergh* 110 
vitamin A In plasma, 318 
precautions in using, 263 
principle of, 262 
types of, 262 

Physiologic salt solution, preparation of, 238, 355 
Piedraia horati, 219 
Pigmented cells In sputum, 147 
Pinwora fn feces, 130, 131, 134 
Graham swab to detect, 134 
NIH swab to detect, 134 
Pipettes, calibration of, 257 
types of, 256 

Plasma, blood, protein free filtrate of, 265 
transfusion with, 248 
used in chemistry determinations, 256 
volume, 45 

Congo red method for, 46 
Evans bine dye method for. 46 
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cell. 53, 64 
leukemia, 52, 53, 93 
Plasmablast, 53 
Plasmacyte, 53 

Plasmodia, (sec "Malarial parasites'’) 

Platelets, blood, 53, 57, 66 
counting of, 85 
interpretation of results, 66 
preparation of solution for, 85. 356 
Platinum wire for Inoculation of cultures, 168 
Pleural Quid, 158 
culture of, 183 

guinea pig Inoculation for tubercle bacilli, 200 
Toxoplasma in. 79 
Plugs, Dittrichs in sputum, (47 
Pneumococcus, (see "Diplococtus pneumonia") 

Pneumonia, findings in. 52, 55, 86, 91, 93, 146, 147. 278, 
281, 288, 299, 303. 305, 309, 321, 518 
virus. 221, 251 
Poikilocyte, 53, 58 

Poisoning, findings In, 14, 35, 39. 41, 51, 83. 92, 109. 281. 
288, (also see "Arsenic," “Carbon monoxide," "Lead," 
and "Mercury”) 

Poliomyelitis, findings In, 13, 151, 154, 288 
Pollen extract, preparation of, 332 
Pollock's method for cell count of cerebrospinal fluid, 153 
Polychromatophiha, 54, 58 
Polychrome methylene blue stain, 338 
Polycythemia, findings In. 35, 40, 47, 68, 86. 93, 91. 109, 
285, 290, 305. 347 

Polymorphonuclear, basophils. 56, 57, 62 
eosinophils, 56. 57, 62 
neutrophils, 56, 57, 62 
toxic, 51 
Polyuria, 4, 28 

Pork tapeworm In feces, 132, 133, 135 
Porphobilinogen fn urine, 14 
Porphyria, 13. 14, 117 
Porphynn in urine, 4, 13 
Postmortem material for culture, 166 
Potassium, determination ol in blood, 302 
interpretation Of findings. 303 
Predpitin test for echinococcus. 136 
Pregnancy, findings In, 6, II, 35, 36, 40, 44, 88, 91, 161. 
268, 270, 275, 278, 231, 283. 290. 305. 316, 347 
test for, 161 
Price Jones count, 45 
Proglottids, tapeworm, 132, 133, J35 
Prolymphocyte, 52, 56, 57 
Promonocyte, 53, 56, 57 
Promyelocyte, 52, 56, 57, 60 
Proplasmacyte 52 

Protein, determination of, in blood, 275 
interpretation of findings, 277. 278 
in cerebrospinal fluid, 151, 154, 156, 277 
in exudates, 158, 159 
in transudates, 158, 159 
in urine, 6 

Protein free filtrate, preparation of, blood, 263 
plasma, 265 
serum, 265 

Proteus, antigen, OX„. OX„ OXK, 193 
group, 172. 178, 179 180. 181, 188 
Prothrombin, deficiency of. 82 
tune, determination of. 86 
Interpretation of findings, 87 
liver function test, 121 
response to vitamin K therapy, 121 
Protozoa, In blood, 68 
fn feces, 138 


culture for, 140 
stain for, 139 
Prune-Juice sputum, 146 

Prussian blue test for hemosiderin, in sputum, 147 
In urine, 22 

Pseudoagglutination of erythrocytes, 217 
Pseudomonas aeruginosa, 172, 178, 179, 181, 188 
Pseudomyceics (false fungi), 201 
Purdy’s rest for albumin in urine, 7 
Purpura, findings in, nonthrombocytopenic, 82, 80 
thrombocytopenic, 68, 82, 84, 86 
Pus, casts in urine. 21 
cells, in bile, 105 
In feces, 126, 141 
in gastric contents 103 
In sputum, 147, 149 
in urine, 4, 6, 22 
guinea pig inoculation of, 199 
Pyelonephritis, findings In, 30 
Pyruvic arid In blood, determination of, 321 
interpretation of findings. 323 

Q 

"Q ’ fever, agglutination lest for, 195 
Quantity, of blood, 47 
for chemical determinations, 256 
of cerebrospinal fluid, 150 
of feces, 124 

of gastric contents, 99, 103 
of sputum, 116 
of urine, 4 

Quellung reaction, 190 
Quick's method for. hippunc arid test. 118 
prothrombin time, 86 


R 

Rabbit, Inoculation of, for anti sheep hemolysin, 223 
tor Candida. 212 
for pregnancy test, 161 
Rat, inoculation of, for Sporotrlchum. 212 
tapeworm, U2, 135 
Rat bite fever, 82, 221 
Reaction of, cerebrospinal fluid, 151 
feces, 126 

gastric contents. J0O 
semen, 160 
urine. 5 
Reagent. 

acid molybdate 267 
Benedict’s 
qualitative, 9, 355 
quantitative, 10. 355 
decalcifying, 357 
Ehrlich's diazo, 109, 111 
modified. 13. 115, 355 
Exton’s qualitative, 7, 355 
feme nitrate, 327 
fixing, for tissues, 336 
Fobn and Ciocalteus phenol, 314 
Fouchet’s, 12, 355 
Iron, 323 
Millon's, 19 
Messier's, 274 
Obermayer’j, 15, 355 
phenylhydnzlne, 323 
Robert’s, 6, 355 
Rochelle salt. 288 
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sodium nitroprusside, 12, 356 
Tsudnya's, 8, 356 
uranium zinc acetate, 301 
uric add, 281 

Red blood cells, (see * Erythrocytes") 

Rehfuss stomach tube. 97 
Relapsing fever, 81, 91, 221 
Renal, calculi, (see "Urinary calculi”) 
cells In urine, 22 
diabetes, (see "Diabetes”) 
function tests, 25 28 

Wood urea nitrogen to nonpmteln nitrogen ratio. 28 
concentration and water excretion, 27 
Moscnthai « concentration, 27 
phenolsulfonephthalein. 25 
urea clearance, 28, 281 
threshold, for ascorbic acid, 318 
for bilirubin, 110 
for glucose, 9, 268 
for hemoglobin, 14 
Rennin in gastric contents, 97, 101 
Residual urine, 4 
Reticulocytes, 55, 57, 58 
method of counting, 50 
stains for, 50, 556 
Reticulum fiber stain. 341 
Retractility of blood clot, 85 
Rh. factor, 249 
amibodies, test for, 251 
agglutinating, 251 
blocking, 252 
classification of, 249 
relation, to erythroblastosis. 250 
to transfusions, 250 
typing, slide method, 251 
test tube method. 250 
R h cu piftfir findings in. 88. 91, 321 
Rickets, findmis In. 506. 309, 310 312 
renal, 296. 305 306, 309, 310, 312 
Rickettsial diseases agglutinins In. 195, 196 
test for, 192 
Rieder cells, 52 
Ringer’s solution, 258 

Rivalta a test for protein in exudates and transudates, 158 
Robert's, reagent, preparation of, 6, 355 
test for albumin 6 

Robinson, Power, and Kepler’s test for Addison's disease, 
300 

Rocky Mountain spotted fever, agglutinins in, 195 
test for, 192 

Ross Jones’ test for protein In cerebrospinal fluid, 151 
Rotheras test for acetone and diacetic acid 12 
Rouleaux formation of erythrocytes, 247 
Roundworms in blood, filana, 79 
in feces, 128, 129, ISO, 131 
Ascaris lumbricoides, 129, ISO, 131 
Enteroblus venmculans, 129, 130, 131, 134 
life cycle of, 129 
Necator amencanus 129, 130, 1 31 
Strongyloidcs stercorahs, 129, 1$0, 131, 134 
Tnchmella spiralis, 129, 130, 1J1, 13' 

Rubella, findings in, 52, 53, 91, 92 
Rubaets test for lactose In urine, 21 
Rumpel Leede phenomenon, 84 

s 

Saboutauds media uses of, 204 

Sactu s modification of Petragnini t medium, 179 


Sahli Hellige method for hemoglobin determination, 37 
Salicylic aad in blood, determination of, 328 
Salmonella group, 176, 178. 179, 181, 188. 196 
culture for, in bile, 105 
in feces, 179 
identification of, 181 
Sarcmae, identification of, 170 
in gastric contents, 103 
Sarcoidosis, findings in, 221, 278, 312 
Saturation Index of blood, 42, 44 
Scarlet, fever, findings in, 52, 82, 91, 92. 221 
red min lor fat, 127, 833 
Schaudinos solution lor fecal smears. 139 
Schilling’s classification of neutrophils, 51 
hemogram, 51 
type of leukemia, 92 

Schistosoma, haematobium in urine, 25, 137, 138 
japomeum, 137, 138 
mansoni, 137, 138 

Schistosomiasis, findings, in, 23, 92, 278 
Schizocyte, 53 

Schmidt s test for urobilin in feces, 126 
SchUffner* granules, 71, 72, 78 
Scurvy, findings In, 47, 84, 312, 318 
Sediment of urine, 19 
examination of, 19 
Sedimentation rate of erythrocytes, 87 
Westeigren’s method, 88 
Wintrobe and Landsberg’s method, 88 
Semen, exammauon of, 160 
reaction of, 160 
smear of, !60 
spermatozoa fn. 160 
Sensitivity test, for penidlUn, 187 
for streptomycin, 190 
Septicemia, Badiogs id, 86, 91, 109 
Serology, 221 

Serosa mucin m exudates, 159 
Serum, lipemlc, 41, 123 
protein free filtrate of, 265 
sickness, findings In, 91, 196, 298 
transfusion with, 248 
used, fn chemistry determinations, 256 
in serology, 221, 225 

Sheep corpuscle suspension, preparation of, 222 
Shevky and Stafford s quantitative test for albumin 
in urine, 8 

Shift to the left of neutrophils, 51 
Shigella (dysentery) group, 178, 179, 181, 188, 196 
agglutination test for, 192 
antigen preparation of, 194 
feces culture for, 179 

Shock, findings in, 47, 268, 270. 278, 231, 325 347 
anaphylactic, B2, 91, 299 
peptone, 82 
Sickle cells, 53, 58 
method for sickling, 54 
Sinus, culture of, 172 
Skin tests, for coccidioidomycosis, 209 
for echinococcus, 136 
for histoplasmosis, 211 
for trichinosis, 134 
Sleeping sickness, organisms of, 78 
Slide, and cover glass method for blood smears, 48 
method, for blcod smears, 47 
for coagulation time, 83 
Smear of, bacteria, 163 
bile. 105 

blood, examination of, BO 
for malaria, 63 
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preparation of, 47 
(taming of. 48 
Field ( method of, 69 
Giemsa’s method of, 69 
McCord s method of, 49 
peroxidase method of, 49 
Washburn s method of, 49 
Wright ( method of, 48 
thick, for parasites, 63 
body fluid* 158 
bone marrow, 55 
cerebrospinal fluid, 153 
duodenal contents, 105 
feces, 128 

(or protozoa, 138, 139 
staining of, 139 
fungi, 201. 206 
gastric contents, 102, 103 
sputum, 147, 148 
Smudges, 53 
Soaps in feces, 127, 123 
determination of, 291 
Sodium, azide medium, 171 
carbonate medium, 171 

hydroxide method of digestion for tubercle badlll, 149 
normal solution, preparation of, 357 
in blood, determination of, 300 
interpretation of findings, 302 
lauryl sulfate solubility test for pneumococci, 181 
nitroprusside reagent, preparation of 12 
thiosulfate 0 1 N, preparation of, 358 
urate crystals in urine, 20 
Solids, total in urine, 16 
Solubility tat for pneumococd. 181 
Solutions, 
buffer, 259 
Coca *. 332 

for allergy extracts, 332 
Locke's, 258 
molar, 258 

normal, 258. 259. 357 
phys ologic, 258 
Ringers 258 
standard, 258 

Somogyis method for blood amylase, 315 
Specific gravity, of cerebrospinal fluid. 151 
of transudates and exudates, 159 
of urine, 5 

Spermatozoa, counting of, ICO 
motility of, 160 
smears of, 160 
Spheroid ceils, 53 

Spinal fluid, (see "Cerebrospinal fluid") 

Spirals, Curschmanns In sputum, 147 
vegetable In feces, 127 
Spirillum minus 82. 188 
Spirochetal diseases, findings in, leptospirosis, 81 
rat bite fever, 82 
relapsing fever, 81 
syphilis, 92, 101, 155, 157, 221, 278 
Spirochetes dark field examination of, 202 
Tilden's stain for, 165 
Spores of bacteria stain for, 165 
of fungi, 205 207 
Sporotnchum schenckil 212 214 
Sputum add fast badlll in, 148 
Actinomyces in, 148 
amount of, 146 
Aspergillus in, 148 
autogenous vaccine of, 199 
Blastomyces In, 148 


blood in. 146, 147 
brondiial casts in, 147 
broncholuhs in, 147 
carbon laden cells in, 147 
Charcot Leyden crystals In, 148 
cheesy masses in, 147 
Cocddioides immitis in, 148 
collection of, 146 
color of, 145 
consistency of, 146 
Cryptococcus ncoformans In, 148 
crystals in, 148 
culture of. 149, 166. 175, 201 
Curschmann s spirals in, 147 
digestion of, 149 
Dittrichs plugs In, 147 
Echinococcus granulosus In, 148 
elastic fibers in, 147 
Endrraoeba histolytica in, 148 
eosinophils in, 149 
epithelial cells in, 149 
erythrocytes In, 149 
examination of, 146 
collecting sample for, 146 
macroscopic, 146 
microscopic, 147 
Frledlander's badllut In, 192 
typing of, 192 
fungi in 148 
Geotrichura in, 148 
Gram's stain of, 149 
guinea pig inoculation of, 149, 200 
heart failure cells in, 147 
layer formation of, 147 
Leptotrichia buccalls In, 148 
lung stones in, 147 
lymphocytes in, 149 
macroscopic examination of, 116 
microscopic examination of, 147 
Monilla in, 148 
mouse inoculation Kith, 191 
myelin globules In, 147 
Nocardla in, 148 
odor of, 146 

Taragonlmui waterman!, 137, 138, 148 
parasites in 148 
PenSulhum in 148 
pigmented cells in, 147 
pneumococci In, 190 
typing of, 190 
prune juice, 146 
pus fa. J47, J49 
quantity of, 146 
rusty, 146 

Strongyloides ster corahs in, 148 
Toxoplasma in, 79 
Trichomonas homints in. 148 
tuberde badlli in. 148 
unstained, 147 
vaedne of, 199 
volume of, 146 
Wright's stain of, 149 
Ziehl N’eeisen stain of, 148 

Sprue, findings In. 82, 101, 124, 270, 278, 293, 302, 303 
305. 306. 309, 310. 321 

Squamous ceils in urine, 22 

Staining methods, aniline bfue for connective tissue, 339 
Dailey's, for capsule, 165 
for flagella, 165 
Field s for malaria, 69 
for frozen sections, 337 
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for protozoa, 139 
for spores, 165 
Gienrni for malana, 69 
Gram's for bacteria, 164 
Gram Weigert for bacteria in tissue, 541 
Hejdenhain'a (iron hematoxylin) for tissue, 539 
hematoxylin and eoun for tissue, 338 
rndia ink for capsule, 165 
iron hematoxylin for protozoa, 139 
lactopheool cotton blue, 216 
Lugols for starch, 127 
McCord s for basophilic aggregations, 49 
methylene blue for bacteria, 164 
Tilden's for spirochetes, 165 
Van Gieson's for connective tissue, 540 
Washburn's for peroxidase reaction, 49 
Wetgert'f for elastic fibers, 340 
Wilder's for reticulum, 341 
Wrights for blood, 48 
Ziehl IVeeisen’s for acid fast organisms 161 
in tissue, 341 

Stains preparation of, 359 
aniline blue for tissue, 340 
azo carmine for tissue, 340 
carbol fuchsin for bactena, 359 
crystal violet for bacteria, 359 
D'Antorus iodine for cysts 139 
eosm tor tissue, 339 
Field s for malana, 69 
fuchsin for tissue, 340 
Gicmsa's for malana, 69 
Grams iodine for bacteria, 359 
Hams' hematoxyhn for tissue, 339 
hematoxylin, for protozoa, 139 
for tissue. 339 

lactopbenol cotton blue for fungi, 216 
LoeQcr's alkaline methylene blue for bactena 359 
Lugols for starch, 359 
Mamon'i for blood 50 
polychrome methylene blue for tissue. 338 
safranln for bactena 359 
scarlet red (Sudan IV) for fat, 127, 538 
Sterbng's crystal violet for tissue, 541 
Sudan III for fat, 127, 559 
thlonln for tissue, 558 
Van Gieson's for tissue, 340 
Washburn’s for blood, 356 
Weigert s for tissue 540 
Wrights for blood 356 
Standardization of vaccines, 198 
counting method for, 198 
turbidity method for, 199 
Staphylococci, 164, 170, 171 172, 176, 178, 185, 188 
coagulasc test of, 185 
Starch In feces, 127 
in gasme contents, 103 
Lugols solution for staining, 359 
solution for indicator, 359 
Starvation findings in II 268, 288 509, 347 
Steatorrhea, idiopathic, findings in, 270, 505, 306, 507, 309 
310, 312 

Stem cell leukemia, 92 
Sterilization of vaccines, 198 
chemical method, 198 
beat method, 198 
Sternal puncture, 55 
Stippling of cells, azurophilic. 55 
basophilic, 49, 54, 58 
malarial, 55, 71 

Stomach contents, (tee “Gastric contents”) 
function of, 97 


tube. Boas type, 97 
contraindications of, 97 
Levine type, 97 
passing of, 97 
Rebfuss type, 97 
Stones, kidney, analysis of, 17 
lung, 147 
Stool, (see “Feces”) 

Streptobaalltis moniliformis, 62, 188 
Streptococci, 164, 170, 171, 172, 176, 178, 179, IBS, 188 
anaerobic, 172, 188 
culture for, 173 
differentiation of, 174 
feces culture for, 180 
fibrinolytic activity of, 185 
hemolysin test for, 185 
Lancefields groups of, 174 
Streptomycin, assay of, 187 
sensitivity test, 190 
therapeutic value of, 188 

Strongyloides stercoralis, in duodenal contents, 106 
ip feces, 129, 150, 131. 134 
in rputntn, 148 
Jife cycle of, 129 
Subcultures, preparation of, 171 
Sudan IV stain for fat in tissue. 338 
Sudan Ilf stain, for fat. 103, <27 
preparation of, 127, 359 
Sugar, (see "Glucose”) 
media for bacteria, 167 
Sul/hemoglobia, 39 

Sulfobromophthalein test, (see "BromsuUalem test") 
Sulfonamides, crystals In urine, 21 
determination of, in blood. 323 
in spinal Bind, 525 
In urine, 21 

molecular weights of, 188 
therapeutic value of. 183 
Sulfosalicylic add test for albumin In unne, 7 
preparation of Exton's qualitative reagent for, 7 
Sulfur granules, 148, 297 
Swabs preparation for, gonococcus, 182 
pinwonns, 134 

Synovial fluid, cell count of 159 
complement fixation test of, for gonorrhea, 159 
for syphilis, 159 
culture of, 183 
smear of, 159 

Syphilis, Eagle's Wassermann tot for, 222 
false positive serology tests, 221 
findings in. 92. 101, 155, 157, 221, 278 
Kahns flocculation lest tor, 234 
Kline’s flocculation test for, 239 
Kolmer s complement fixation test for, 229 
Marino! s flocculation test for, 241 

T 

Taenia, echinococcus (see “Echinococcus granulosus*} 
saginata in feces, 132, 133, 135 
solium in feces, 132, 133, 135 
Tallqvist’s method for hemoglobin determination, 40 
Tapeworms fa feces. 135 
Echinococcus granulosus (dog), 132, 133, 135 
DipbjUobotbTinm latum (fish), 132, 133, 135 
Hymenolepls, diminuta (mouse and rat), 152, 133, 153 
nana (dwarf) 152, 133. 135 
Taenia saginata (beef), 132, 133, 135 
solium (pork). 132, 153. 155 
Target cells in blood, 54 
Tauber's test for pentose <n urine, II 
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Teeth, culture of, 184 
Teat moll, alcohol, 99 
Ewttld, 99 

Tetany, findings in, 283, 298, SOS, 310 
Thaliospore* of fungi, 205, 207 

Thannhauser and Anderson'* method for Van den Bcrgh, 

108 

Therapeutic value of, bromides, 325, 326 
penicillin, 188 
aallcylic add, 328, 329 
streptomycin, 188 
sulfonamides, 188 
thiocyanate, 326, 328 

Thiocyanate in blood, determination of, 326 
Thioglycolbte glucose broth, 167 
Thlonin stain for tissue, 358 
Threshold, (see -Renal threshold"} 

Throat, culture of, 166, 172 
Thrombasthenia, 86 
Thrombocytes, (tee "Platelet*") 

Thromboplastin, defidency of, 82 
preparation of, 87 

Thymol, blue Indicator, preparation of, 359 
turbtdtty and flocculation test, 122 
interpretation of finding*, )23 
Tllden’s stain for spirochetes 165 
Tinea (ringworm) infection*, 217 
Tissue, culture of, 184 
sections, cutting of, 336 
decafdfication for, 337 
embedding for, 337 
fixing reagents for, 336 
froren, 337 

staining method* for, 338 
Tolerance test, for creatine, 287 
Car sugar, (see "Glucose tolerance") 

Tonsils, culture of, 181 
Topfer* reagent, preparation of, 359 
Torula histolytica, 209 
culture of, 210, 211 
in sputum, 138 

Total, add in gastric contents 101 
protein, (see “Protdn") 
solids In urine, 16 

Tourniquet method for capillary resistance, 84 
Toxic conditions, findings in, 91, 109, 299 
degeneration of neutrophils, 51 
granule* In leukocytes, 51 
Toxicological tests, 329 
Toxoplasma, in blood, 79 
in spinal fluid, 151, 153 
Translusion of blood, donor* for, 24 B 
of plasma, 248 

of red blood cell suspension, 248 
of serum, 248 

reaction* to, 14, 41, 109, 250 
Transudates, 
appearance of, 159 
bacteria in, 158, 159 
cells in, 158, 159 
collection of. 158 
culture of, 166, 18$ 
differentiation from exudates, 159 
protein in, 158, 159, 275 
Rlvalta's test of, 158 
sped 6c gravity of. 159 
tumor cells in, 158 
Trematodes, (see "Flukes") 

Treponema, dark field examination for, 202 
pallidum, 188, 202 

Trichin ella spiralis, 129. ISO, 131, IH 


life cycle of, 129 
skin test for, 134 
Trichlno*!*, 92. 134 

Trichomona*, hominls, in feces, HI, 142, 143 
la sputum , 146 
In urine, 25 

vaginal!* in urine, 25, HI, 142, 143 
Trichophyton, cratenforme group, 216 
faviform group, 216 
gypseum group, 216 
rotacrum group, 216 
ruhrum group, 216, 218 
Trichosporon bdgehl, 219 
TrJchuri* trichiura, in free*, 129, 130, 131, 134 
life cyde of, 129 

Triple phosphate crystal*. In fece*, 127 
In urine, 21 
Trypanosoma, cruri, 78 
gam b tense. 78 
rbodeaiense, 78 

Tryprin in duodenal content*, 10-1 
Tsuchiya* quantitative te*t for albumin In unne, 7 
reagent for, 8 

Tsutiugamushl fever, agglutinin* for, 195 
test for, 192 

TubeTde badlll, culture of. 178 
gastric washings for, 98 
guinea pig inoculation for, 199 
In cerebrospinal fluid. 153 
in fece*, 128 
in sputum, 148 
in tissue section*, 341 
in urine, 24, 178 
stain for, 164 

Tuberculosis, findings in. 15, 23, 91. 92. 93, 101, 146, 147 
148, 149, 221, 278. 318 

Tularemia, agglutination test for, 192, 195. 196 
blood culture for, 178 
Tumor cell* In transudate*, 158 

Tumor*, finding* in, 4, H. 54. 92, 112. 124, 146. 151. 162. 
268. 285, 348 
bone, 8, 92, 93, 310, 312 
brain, 155, 156, 157 

Turbidity, of cerebrospinal fluid, 151 
method of counting vaccine*, 199 
TOrdc's Irritation cell, 52 
Typhoid, (see "Typhosa") 
carrier, 105 

fever. Ending* In, 55, 82. 86, 91. 92. 195, 196, 278, 288 
Typhosa and Paratyphi bacilli, agglutination lest for, 192 
195, 196 

fete* culture for, 179 
Typhu* fever, agglutinin* for, 195 
test for, 192 

finding* in, 92, 195. 221, 278, 296, 299 
Typing, of blood. 245 
of Fnediandets bacilli, 192 
of influenza badlll, 192 
of meningococci, 192 
of pneumocoed, 191 
Tyrosine crystals. In urine, 21 
io tputum, 148 

u 

Ulcer, culture of, 166 
findings In, 125 
duodena], 102, 281, 316 
gastric, 5, 100, 102, 103, 271. 281, 316 
intestinal, 127, 128 

Ulcerative eolith, type of stool In, HI 
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Unorganized sediment of urine, 20 
Urates, In calculi, 18 
io unne, 20 

Urea, clearance test, 281 f 

interpretation of findings, 28. 283 
in blood, determination of, 278 
interpretation of findings, 120 , 281 
in unne, determination of, 282 
itiNPN ratio, 28 

Uremia, findings m. 4, 91. 100, 275, 299. 503, 809. 310 
Urethral exudate, culture of, 182 
fine acid, calculi in urine, 18 
crystals in urine, 20 
in blood, determination of. 233 
interpretation of findings, 285 
Urinary, calculi, 16 
analysis of, 17 
description of, 17 

obstruction findings in 268, 275, 281, 285, 2S6. 298 
Urine, acetone !n, Rotbera * test for, 12 
add, amorphous material in, 20 
crystals in, 20 
acidity of, 5 

Addis sediment count of, 19 
albumin in, 5, 6, 23 
Esbachs quantitative test for, 7 
txton’a qualitative method lor, 1 
heat and acetic aad test for, 7 
Hellers nitric acid test for, 6 
Kingsbury's test for, 8 
Purdy's test for, 7 
Robert s test for, 6 

Sbevky Stafford s quantitative test for, 8 
sul/osahcyhc aad test for, 7 
alcohol in, determination of, 329 
alkaline, amorphous material in 20 
crystals in, 21 
alkalinity of, fixed, 5 
volatile, 5 
alkaptonuria. 4 

ammonium, biuratc crystals in, 21 
magnesium phosphate crystals in, 21 
amorphous, phosphates In, 5, 20 
urates In, 5 £0 
amount of, 4, 27 

animal inoculation of, for pregnancy 161 
for tuberculosis, 200 
anuna, 4 

arsenic in, determination of 331 
ascorbic aad in, determination of, 318 
bacteria in, 4, 6, 24, 178 
culture for, 178 
gonococci in 25 
tubercle bacilli in, 24 
barbiturates In, determination of, 330 
Pence JODes protein in detection of, 8 
Benedicts test for sugar in, quabtative method 9 
quantitative method, 10 
benzidine test for blood in, 14 
bile pigment in, 4 12 
foam test for, 13 
Gmehn s test for, 12 
Hamson s spot test for. 12 
Heller’s nltnc add test lor, 6 
methylene blue test for. IS 
bilirubin crystals tn, 21 
blood in, 4, 6, 14 
benzidine zest for, 14 
gualac test for, 15 

bromides in, determination of, 16. 325 
calcium, carbonate Crystals in, 21 


determination of, 305 
In calculi, 38 
oxalate crystals in, 20 
phosphate crystals in, 21 
sulfate crystals in, 20 
calculi in, 16 
analysis of, 17 
casts in, 23 
cells in, 22 
centrifugation of, 19 
chemical tests of, 6 
chloride in, determination of 299 
cholesterol crystals in, 21 
chyle in, 4, 6, 16 
cloudiness of, 5 
collecting specimen of 4 
color of, 4 

concentration and water excretion test, 27 
Congo red test for amyloidosis and nephrosis, 16 
coproporphynn in, 13 

conelation of clinical and laboratory findings with rena. 

pathology, 28 
counting leukocytes in. 23 
creatine in, determmauon of, 287 
creatinine in, determination of, 287 
crystals in 20 
cultures of, 166 178 
cylindroids In, 24 
cystine, crystals in, 21 
stones in, 17 
dextrose in, 8. 9, 10 11 
diacetlc add in. Cerhardt s test foT, 12 
Rothera’s test for, 12 
diatoms in 24 
diazo substances in, 15 
dicaiefum phosphate crystals in, 21 
Ebrhcbs test for urobilinogen in 13 
Enterobius vcrmlculari* in, 134 
epithelial celb in, 6, 22 
caudate, 22 
cylindrical, 22 
renal, 22 
squamous 22 
erythrocytes In. 23 

Esbach’s quantitative test for albumin in, 7 
Extons test for albumin in, 7 
fat in, 4, 6 16, 22 
fermentation test for sugar in, 10 
foam test for bile pigment in, 13 
Cerhardt s test for diacetic aad in, 12 
glucose in, 8 9 10 
Benedicts qualitative test for, 9 
quantitative test tor, 10 
test tube method for, U 
fermentation method for, 10 
phenyihydraiine test for, g 
recording of, 3 
glycosuria, 8 

Gmelins test for bile pigment in, 12 
gonococci in 25 
guaiae test for blood In, 15 
guinea pig inoculation for tubercle baalii, 200 
Hamson’t spot test for bile pigment in 12 
heat and acetic aad test for albumin in, 7 
Hellers nitric aad lest for albumin In, 6 
hematoldm crystals In, 21 
hematuria, 14 
bemoglobiDuna 14 
bemofidena in, 22 
Prussian blue reaction of, 22 
hippune add crystals in. 20 
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In hypertension, 31, 32 
in kidney pathology, 28, 31 
m nephntu, 29, 31 
Indican In, Obennayet's test for, 15 
Iodides in, 16 
ketone bodies In, H 
kidney disease, findings in, 28, 31 
lactose in, Rubncrs test for, 11 
leuane crystals in. 21 
leukocytes in, 22 
counting of, 23 

hfe insurance test for albumin in, 8 
lignin test for sulfonamide in, 21 
melanin in, detection of, 4 
mercury in, determination of, 331 
methylene blue test for bile pigment in, 13 
microscopic examination of, 19 
errors in. 19 

Mosenthal s concentration test, 27 
mucin in, 8 

mucous threads in, 6 21 
Obermayer'i test for Indian in, 5 
odor of, 6 
oliguria, 4 

organised sediment of, 22 
053700 e crystab in, 9 
ora in, 25 
parasites in, 25, 134 

Pauius test for amyloidosis or nephrosis, 16 
pentose in, Taubers test for, 11 
pH of. 5 

phenolsulfonephthalein test, 25 
phenylhydranne test for sugar in, 9 
pbenylpyruric aad in, lest for, 14 
phosphates in, 20 
physical properties of, 4 
p inworms in, 134 
polyuru, 4 

porphobilinogen. Watson and Schwartz's test for, 14 
porphyrins In, 4, 13 
protein in, albumin, 6 
Bence Jones, 8 

Purdy's test for albumin In, 7 
pus cells in, 4, 6, 22 
quantity of, 4 
day and night specimens, 4 
reaction of, 5 
retarding results fn, 3 
red blood cells, 23 
renal, cells in, 22 

function tests, blood urea N to N P N ratio, 28 
concentration and water excretion. 27 
Mosenthal s concentration, 27 
phenolsulfonephthalein, 25 
urea clearance, 23, 281 
threshold of, ascorbic aad, 318 
bilirubin. 110 
glucose, 9 
hemoglobin, 14 
residual 4 

Robert's test for albumin in, 6 
Rotheras tat for acetone in, 12 
routine recording table, 3 
Rubners tat for lactose in, 11 
Schistosoma haematobium m. 25 
sediment us, 19 
Addis count of, 19 
examination of, 19 

ShevVy and Stafford s quantitative tat for albumin in, 8 
shreds in 6 

sodium urate crystals in, 20 


solids, total in, 16 
speafic gravity of, 5 
squamous cells in, 22 
stona in, 17 
sugar in, 8, 9, !0, 11 
sulfonamide, crystals in, 21 
stona in, 17 
tat for, 21 

sulfosalicyhc add (at for albumin in, 7 
Taenia echinococcus In, 25 
Taubers tat for pentose in, 11 
total solids In, 16 
Trichomonas, hominls in, 25 
vaginalis in. 25 
triple phosphate crystals in, 21 
Tsuchiya's quantitative test for albumin in, 7 
tubercle bacilli in, 24 
tyrosine crystals in, 21 
unorganized sediment of, 20 
*■ urates in, 20 

urea, clearance tat, 28, 281 
determination of, 282 
tine aad. crystals in, 20 
stona in, 17 

unnajy calculi, analysis of, 16 
urobilinogen in, 4. 13 
Walla ce-Diamond qualitative tat for, J3 
Watson’s, quantitative tat for, 116 
two hour urine tat for, 116 
uroporphynn in, 14 

Wallace-Diamond tat for urobilinogen, 13 
yeast cells In, 25 
Urobilin In feces. 126 
Urobilinogen, formation of, 13 
in feces, 110, 114 
In unne, 4. 13. 110, 116 
Uroporphyrin in urine, 14 

V 

Vaccine, autogenous, 197 
preparation of, 197 
standardization of, 198 
counting method of. 198 
turbidity method of, 199 
sterilization of, 193 
chemical method of. 198 
beat method of, 198 
of sputum, I?7 

Vaginal exudate, culture of, 182 
Toxoplasma in, 79 

Van den Bergb tat, colorimeter method, 103 
interpretation of findings, 109, 110, 111 
photoelectric colorimeter method, 110 
Van Gieson s stain for connective tissue, SJO 
Van Sljke and Cullen's method for carbon dioxide com- 
bining power of blood, 294 
apparatus for determining, 297 
Vegetable matter In feta, 127 
Venipuncture, method for, 33 
Venostans method for bleeding time, 84 
Ventricular fluid, 155 
puncture for, 150 
Vincent’s angina, stain for. 165 
V irulence test for diphtheria. 201 
Vital, capacity, determination of. 347 
interpretation of findings, 348 
staining for reticulocytes, 50, 55 
Vitamin s , A, deficiency of. 17, 321 
determination of, in blood, 318 
B, deficiency of, nicotinic aad (pellagra), 13, 100, 101 
thfamfo. If, 325 
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C, deficiency of, 47, 84, 312, 318 
determination of, in blood, 3l6 
in urine, 318 
X), deficiency of, 305 
K, 82. 87 

test for liver function, 121 
Volhard Harvey method for urine - (Monde, 299 
Volume, Wood, 45, 47 

Congo red method for determining, 46 
Evans blue dye method for determining, 46 
index of erythrocytes, 42, 44 
oi packed erythrocytes, 4\ 
plasma, 45, 47 

thickness index of erythrocytes, 45 
Vomiting, findings in, 4, 5, II, 102, 278, 293, 310 
Von Bergman'* test for bilirubin excretion, 111 

w 

Wang’s method lor, fecal taldum. 306 * 

unne calcium, 305 

Washburns stain, preparation of, 356 
Wasaermann test, Eagle's modification of, 222 
Kolmer’s modification, 229 
theory of, 221 

Watson and SchwarU’s method for porphobilinogen in 
unne, 14 

Watson’s method for urobilinogen, in feces, 114, 116 
in unne, 116 
Waxy casts in urine, 24 

Wclchselbaum, Somogyl, and Rush's method for blood 
potassium, 302 

Wogert's stain for elastic fibers, 310 
tVetl Felix reaction. 193. 195 
W«Is disease, findings in, 81, 123, 221 
Welchii, bacillus, (see "Cl perfnngens") 

WestergTen’s method for sedimentation rate, 88 
Whipworm in feces, ISO, 131, 134 
White blood cells, (see "Leukocytes"! 

Whooping cough, (see "Pertussis"' 


Widal test, (sec “Agglutination tests”) 

Wilder’s, stain for reticulum fibers, 341 
test for Addison's disease, 300 
Wilson and Ball's method fox blood chlorides, 296 
Wrotrobe and Landsberg’s method for sedimentation 
rate, 88 

Wmrrobe’s hematoent tube, cleaning of, 41 
Worms, Bat. 132, 133, 135 
guinea, 80 
hook, 129, 130. 131 
pin. 130. 131. 134 
round. Wa. ©, YX\ 
tape, 132, 133, 135 
whip, 130, 131, 134 
Wounds, culture of, 166, 171 
Weight's, buffer, preparation of, 35fi 
stain, of blood, 48 
entrna of good stain, 49 
of sputum, 149 
preparation ol, 356 
Wucherena, bancrofti, 80 
malayi, 80 

W uib'i method for blood bromides, 325 

X 

Xanthine in urinary calculi, 17 
Xanthochromic cerebrospinal fluid, 151, 155 

Y 

Yeast, colonies, appearance of, 206 
in feces, 128 
in gastric contents, 103 
in unne, 25 

Z 

Zenker’s fixative fluid for tissues, 336 
Ziehl Neelsen stain, method for, 148, 164 
solutions for, 359 
Zinc sulfate flotation method, 138 
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